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APPLICATIONS FOR INTERVENTION PLANNING

Elizabeth L. MacQuillan, Ph.D.
Western Michigan University, 2016

Gestational diabetes (GDM) rates in the U.S. and in Michigan have increased over the
past several decades, along with the increases in Type 2 Diabetes Mellitus and obesity. GDM is
associated with adverse health outcomes for mothers and their offspring. Many current maternalinfant health (MIH) programs in Michigan do not target women with GDM. This study aims to
assess state-level rates of GDM in pregnancy with a combination of statistical and spatial
analyses using Geographic Information Systems (GIS) for the purpose of informing content and
location of public health interventions.
Existing data from 2013 Michigan birth records (107,743 births) were analyzed using
basic descriptive statistics, proportions with confidence intervals and logistic regression models
using SPSS v.22 to explore GDM risk and breastfeeding behavior among Michigan mothers.
Mapping analyses using the kernel density estimation technique were conducted using ArcGIS v.
10.3.1 to identify hotspots of GDM and compare these with the population distribution of
maternal risk factors in the state overall and, by census tract, in Kalamazoo County, Michigan.
MIH program enrollment for Kalamazoo County was also explored.
The rate of GDM in Southwest Michigan was 7.5%; higher than the state average of 5%
and the rate in any of the other regions of Michigan. The largest contiguous hotspot of both high
rate (14%) and high numbers of women with GDM was located in Kalamazoo County. Logistic

regression of maternal characteristics associated with GDM risk in Michigan findings indicated
that, highest rates by race-ethnicity were among Asian Indian women, increasing rates of GDM
occurred with inadequate or adequate-plus prenatal care adequacy, and there was a lack of
difference in GDM risk by Medicaid status.
With respect to breastfeeding after GDM, analyses revealed maternal differences by raceethnicity and income level. Two of the maternal demographic groups least likely to breastfeed
(Non-Hispanic Black mothers and Medicaid-recipient mothers), were, however, more likely to
breastfeed when diagnosed with GDM compared to Non-Hispanic Black mothers and Medicaidrecipients without GDM. Women living in areas of Michigan with high rates of GDM and high
total numbers of GDM may benefit from joint interventions designed to promote both improved
birth outcomes after GDM and breastfeeding.
For Kalamazoo County, a greater proportion of mothers received both the highest level
and lowest level of prenatal care in 2013 compared to the state average for these categories for
the same year and the U.S. average for the period 2009-2013. In both the state and Kalamazoo
County, mothers at either extreme of the prenatal care spectrum had an increased likelihood of a
GDM diagnosis. Enrollment of mothers in existing MIH programs was clustered in urban census
tracts with some of the lowest GDM rates.
This study demonstrates the use of GIS analyses of birth records to assess maternal health
and public health resources, and to identify geographic areas of need. Evidence supports existing
MIH program using GDM as an additional indicator of risk and the potential need for a Michigan
program dedicated to serving women with GDM, regardless of their income level.
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CHAPTER I
INTRODUCTION
Gestational diabetes (GDM) rates have increased over the past decade, both in the United
States and worldwide (Hunt & Schuller, 2007; Nguyen et al., 2012; Noctor & Dunne, 2015;
Yogev & Visser, 2009) and rates of GDM are reflective of the increasing prevalence of Type II
Diabetes (T2DM) (Hunt & Schuller, 2007). GDM now affects approximately 5% of U.S.
pregnancies, according to birth records (DeSisto, Kim, & Sharma, 2014; Much, Beyerlein,
Rossbauer, Hummel, & Ziegler, 2014), although the incidence according to the Pregnancy Risk
Assessment Monitoring System (PRAMS) survey in 2010 was as high as 9% of U.S. pregnancies
(DeSisto et al., 2014), or about 360,000 U.S. births annually.
Having GDM may hasten a woman’s development of T2DM; 50% of women will
progress to T2DM within 5 years of delivery (Ryangoudar et al., 2016), with 60% developing
T2DM at some point in their lifetime (Noctor & Dunne, 2015). When combined with a family
history of T2DM, women with GDM are also at increased risk of developing metabolic
syndrome and cardiovascular disease (Carr et al., 2006). The risk of progression to T2DM after
GDM varies by race (Xiang et al., 2011), with women of non-white race at 1.5 times increased
risk (RR 1.5; 95% CI 1.1-1.9) compared to white women (Ryanagoudar et al., 2016). By race,
the comparative increased risk of development of future T2DM by women with previous GDM
is greatest for black women (RR 9.9; 95% CI 7.5-13.1) compared to other races (Ryangoudar et
al., 2016).
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For infants, the presence of even mild maternal hyperglycemia is associated with an
elevated risk of spontaneous preterm birth, independent of the presence of hypertensive disorders
of pregnancy, which increases with severity of the hyperglycemia (Hedderson, Ferrara, & Sacks,
2003). The multinational Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study
concluded that maternal hyperglycemia is also associated with neonatal adiposity, fetal
hyperinsulemia, and infant hypoglycemia (Metzger et al., 2009).
Breastfeeding is a safe, low-cost lifestyle behavior (Much et al., 2014) that can reduce
post-partum risks of a gestational diabetes-complicated pregnancy for mothers and their
offspring (Bider-Canfield, Martinez, Wang, Bautista, & Brookey, 2016; Gunderson et al., 2015;
Much et al., 2014; Yan, Liu, Zhu, Huang, & Wang, 2014). For mothers, a 20-year prospective
study found that breastfeeding reduces lifetime risks of metabolic syndrome, obesity, and
cardiovascular disease after gestational diabetes (GDM) compared to women who do not
breastfeed, with a risk reduction that increases with breastfeeding duration (Gunderson et al.,
2010). Breastfeeding after GDM also reduces the risk of type II diabetes (T2DM) by 44% with at
least 3 months duration of breastfeeding compared to those with GDM who breastfed less than 3
months (Ziegler et al., 2012). Additionally, mothers with GDM who exclusively breastfeed their
infants reduce their risk of postpartum hyperglycemia by 10% compared to women who feed
formula following GDM (O’Reilly, Avalos, Gennedy, O’Sullivan, & Dunne, 2011).
Compared to infants not breastfed after GDM-complicated gestation, breastfeeding at
least six months reduces body mass index (BMI) growth velocity in the first 9 months of life
(Chertok et al., 2009; Crume et al., 2012) and risk of childhood overweight at age 2 years (BiderCanfield et al., 2016) and in adolescence (Mayer-Davis et al., 2006) for offspring of GDMcomplicated pregnancies. Risk of T2DM is also reduced by any breastfeeding; one large,
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Canadian birth cohort with 24-year follow-up found a 17% lower rate of T2DM among breastfed
participants, independent of income, race, or presence of GDM in gestation (Martens et al.,
2016).
While overall breastfeeding initiation rates have trended up nationwide over the past two
decades, they are lower than the Healthy People-recommended goal of 84% of all pregnancies
(Office of Disease Prevention and Health Promotion, 2017). Potential barriers to breastfeeding
among women with GDM include complications that may interfere, such as infant hypoglycemia
that may lead to neonatal intensive care unit (NICU) admission (Cordero, Gabbe, Landon, &
Nankervis, 2013), a two-fold increase in Cesarean section delivery that may create separation
between mother and infant (Aviram et al., 2016) and delayed lactogenesis II due to maternal
hyperglycemia (Nommsen-Rivers, Dolan, & Huang, 2012; Salahudeen, Koshy, & Sen, 2013)
that may be incorrectly perceived as low milk supply, leading to early cessation of breastfeeding
(Brownell, Howard, Lawrence, & Dozier, 2012; Jagiello & Chertok, 2015; Verd, deSotto,
Fernandez, & Guitierrez, 2016). Perceived low milk supply and other common breastfeeding
concerns have been cited as the most common reasons mothers do not breastfeed after GDM
(Fallon & Dunne, 2015; Morrison, Collins, Lowe, & Giglia, 2015). Previous research suggests
that other barriers to breastfeeding after GDM may vary by race, income, and other factors, such
as delivery type (Cordero et al., 2013; Lessen, 2015; Nommsen-Rivers et al., 2012).
There is conflicting evidence in the current literature about breastfeeding behavior of
women with GDM compared to healthy women; some studies have reported lower breastfeeding
rates among women with GDM (Finkelstein, 2013; Verd et al., 2016), while other researchers
have reported similar breastfeeding rates with or without GDM (Bider-Canfield et al., 2016) with
GDM mothers three and a half times more likely to use formula supplementation in the first 2
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days compared to women without GDM (Haile, Oza-Frank, Chertok, & Passen, 2016) and less
likely to continue breastfeeding past 2 months (Oza-Frank, Moreland, McNamara, Geraghty, &
Keim, 2016). Rates of breastfeeding after GDM may be influenced by additional opportunities
for visits with healthcare providers following diagnosis; one Australian study excluding NICUadmitted infants noted that women diagnosed with GDM had higher rates of breastfeeding within
1 hour of birth (61%) compared to women with normal glucose tolerance (42%), an effect the
authors attributed to the added prenatal healthcare received after a GDM diagnosis (Morrison
et al., 2015). Additional studies are required to determine the likely effect of GDM diagnosis on
breastfeeding behavior and any difference based on NICU admission, maternal race/ethnicity,
and other factors.
Through the mechanism of reducing progression to T2DM from GDM-complicated
pregnancy, stabilization of blood glucose levels, and reduction in obesity and metabolic
syndrome, breastfeeding offers a simple means of reducing the proportion of mothers and infants
who perpetuate the cycle of hyperglycemia-related morbidity across generations (Trout,
Averbuch, & Barowski, 2011). Despite increasing rates of GDM-complicated pregnancies, the
population groups with greatest incidence of GDM and breastfeeding behavior of these women
has not been explored for the state of Michigan. An examination of risk of GDM and the
combination of GDM and breastfeeding behavior does not exist at the current time, particularly
one that accounts for spatial variation at the sub-state level. This step is key to informing
placement and content of a dedicated perinatal education program to promote breastfeeding and
improve GDM pregnancy outcomes, which does not exist in Michigan at the present time. It is
important to address spatial variation when planning and evaluating need for programming
(Beale, Abellan, Hodgson, & Jarup, 2008); the methods used in this dissertation aim to use
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available birth records data to produce recommendations for both content and location of MIH
interventions designed to increase breastfeeding behavior among women both with GDM and
without GDM, and to improve birth outcomes after GDM-complicated pregnancies.
The objectives of this dissertation are to: (1) explore maternal profile of GDM among
Michigan women, (2) examine breastfeeding by GDM status among women in Michigan,
(3) demonstrate a method of using statistical and spatial analyses of birth records to inform
content and placement of interventions related to GDM and breastfeeding, and (4) apply the
method to a Michigan county with high GDM rates, comparing recommended intervention
placement with actual MIH program coverage. The following three papers will make up chapters
II–IV of this dissertation and address the objectives named above.


Paper 1 (Chapter II): Using GIS Techniques to Explore Gestational Diabetes in
Michigan Mothers. This paper explores the prevalence of gestational diabetes in
Michigan using 2013 birth records data for the state. In addition to looking at
GDM risk by maternal demographic and health-related factors included on the
birth record, maternal residence addresses were used to conduct spatial analyses
and map gestational diabetes cases and rates across Michigan to better understand
patterns of GDM risk and inform future interventions.



Paper 2 (Chapter III): Spatial Analysis of Breastfeeding by Women with GDM in
Michigan. This paper examines breastfeeding intention and action as recorded in
the Michigan birth records for the same year (2013) to add to the knowledge
gained in Chapter II by adding the relationships of maternal variables and GDM
status with breastfeeding behavior across the state. Spatial analyses were
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conducted and maps created to assist in visualization of risk and intervention
planning to promote breastfeeding.


Paper 3 (Chapter IV): Using Birth Records to Assess Interventions in a County
with High Gestational Diabetes. The final paper of this dissertation takes a closer
look at Kalamazoo County, a Michigan county identified as a hotspot of high
GDM rates in Chapter II. The methods of statistical and spatial analyses used for
Michigan birth records in Chapters II and III are applied to the county level in this
paper, adding the creation of county maps aggregated by census tract to visualize
risk within selected groups of mothers. Finally, participation in county-wide
Maternal-Infant Health (MIH) programs was explored using spatial analysis
methods to understand the population of women currently being served by
existing programs and to inform the development and placement of future
interventions to address GDM in the county.
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CHAPTER II
USING GIS TECHNIQUES TO EXPLORE GESTATIONAL DIABETES RISK
IN MICHIGAN MOTHERS
For the most recent three years of available data (2013-2015), the overall prevalence of
gestational diabetes (GDM) in Michigan has remained steady at 5.1% of all births (Michigan
Department of Health and Human Services [MDHHS], 2016); however, within that proportion
there was variation by maternal race and ethnicity, income and other factors that have not been
explored. At the national level, previous research has indicated that the risk of progression to
T2DM after GDM varies by race and ethnicity (Xiang et al., 2011), with women of color at 1.5
times increased risk (RR 1.5; 95% CI 1.1–1.9) compared to non-Hispanic white women
(Ryangoudar et al., 2016). Despite this finding, other work has reported that highest-risk race and
ethnicity group membership is associated with lowest perception of risk of GDM (OR 2.1, 95%
CI 1.3–3.3), indicating potential need for interventions tailored to members of targeted
racial/ethnic groups (Mukerji et al., 2016). Conversely, in Michigan, higher rates among white
mothers (5.2%, 95% CI .051–.053) compared to black mothers (3.6%, 95% CI .034–.038) have
been documented. This finding indicates further study is needed to assess the influence of race
and ethnicity on GDM risk in Michigan.
Previous studies into perinatal risk have identified elevated rates of both maternal
overweight and GDM among non-Hispanic black mothers (Ryan & Zhou, 2006; van Leeuwen et
al., 2010). The influence of maternal overweight alone on increased GDM risk, however, did not
account for the increased GDM rate among black mothers or for their increased predisposition to
progress from GDM to T2DM (Martin, Grivelle, Yell, & Dodd, 2015; Ryangoudar et al., 2016;
10
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Xiang et al., 2011). Additionally, maternal overweight is independently linked to macrosomia
and Cesarean section deliveries, both adverse perinatal outcomes associated with GDM
(MacInnis, Woolcot, McDonald, & Kuhle, 2016). Based on previous study, younger maternal
age appears to be protective against GDM and the progression from GDM to T2DM
(Ryangoudar et al., 2016). Conversely, lower income level has been associated with increased
GDM risk across the U.S. (Lessen & Kavanaugh, 2015; Ryan & Zhou, 2006).
It has been demonstrated by previous research that socio-economic and racial health
disparities have a spatial component; these studies have identified area-level health risks linked
to an accumulation of related factors that are common to residents of a region (Anthopolos,
James, Gelfand, & Miranda, 2011; DeGraaf, Steegers, & Bonsel, 2013; Mendez et al., 2014).
Perinatal risk patterns geographically mimic patterns of risk in maternal health (DeGraaf et al.,
2013). The elements of area-based deprivation that are thought to contribute to poor perinatal
outcomes include poor access to prenatal care, stress, racial isolation and discrimination,
unemployment, less than high school education, poverty, and norms of poor health behaviors
(Ahern, Brown, & Dukas, 2011; Mendez et al., 2014). Previous work published on the results of
a maternal-infant health program in Kalamazoo, Michigan, found a difference in program effect
at the individual-level by race, with Black mothers experiencing greater benefits from
participation in the program compared to White mothers (Kothari, Zielinski, James, Charoth, &
del Carmen Sweezy, 2014). Additionally, previous studies of prenatal care access (Heaman et al.,
2015) and adverse birth outcomes (Kent, McClure, Ziatchik, & Gohlke, 2013) have concluded
that rural versus urban variations likely exist in utilization of healthcare services.
Up to now, no study has examined variation in gestational diabetes risk and maternal
health by region of Michigan, despite the presence of regional and between-county variations in
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GDM rate that contradicts previously published work on elements of GDM risk. For example,
several U.S. studies have reported increased GDM risk among non-Hispanic Black mothers
compared to other race/ethnicity groups (Ryan & Zhou, 2006; van Leeuwen et al., 2010) and
among low-income mothers compared to mothers with more resources (Lessen & Kavanaugh,
2015; Ryan & Zhou, 2006). The opposite relationship between maternal income and GDM risk
has been published by Michigan Department of Health and Human Services birth statistics for
the state; in the year 2013 in Michigan, there was a significant difference by census tract poverty
level, with a higher rate in those census tracts classified as affluent or upper middle class (5.3%,
95% CI .051–.058) compared to areas with concentrated poverty (4.6%, 95% CI .044–.048)
(MDHHS, 2016). By looking at these data along with their relationship to geographic place, this
work aims to use available birth records data to assess GDM risk by maternal subgroups and
identify contiguous hotspots of patterns of high GDM rates and total GDM births for the state of
Michigan.
Methods
Design
This study used a retrospective design to analyze birth records data from 107,743
singleton live births to Michigan residents in the year 2013. These birth data were obtained
through a data sharing agreement between the Health Data Research, Analysis, and Mapping
Center (HDReAM) at Western Michigan University (WMU) and Kalamazoo County Health and
Community Services Department (KCHCS). The work was approved through the Human
Subjects Institutional Review Board of WMU.
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Measures and Operationalized Definitions
Birth certificate data are widely used in epidemiologic studies of maternal-infant health
(Dietz et al., 2015; Robledo et al., 2017; Schoendorf & Branum, 2006); however, their validity
has been extensively examined with regard to data on maternal diabetes. A review of birth
certificate validation studies spanning the time before and after 2003 found that U.S. birth
certificates are more accurate than prior to the revision (Devlin, Desai, & Walaszek, 2009) and
that they provide adequate sensitivity and excellent specificity for identification of GDM cases
(Dietz et al., 2015).
A database for the 107,743 singleton births to mothers residing in the state of Michigan in
2013 was created to include gestational diabetes in pregnancy as a dichotomous outcome
variable (yes [y] or no [n]). There were 5,336 members of the sample with a positive gestational
diabetes diagnosis, using this existing variable in the birth records. The database also included
the following demographic and health risk factors: race and ethnicity (Non-Hispanic White,
Non-Hispanic Black, Hispanic, Asian Indian, Other Asian, Other Race), age (20 years and under,
21-30 years, 31 years and above), maternal education level (less than high school, high school
diploma or equivalent, Associate or Bachelor’s degree, Graduate or Professional degree),
Medicaid-paid delivery (y/n) as proxy for income, C-section delivery (y/n), tobacco and alcohol
use reported as separate variables (y/n), infant birthweight (low birthweight [LBW] <2500 grams
[g], normal birth weight [NBW ], and Macrosomic [>4000 g]), and NICU admission (y/n).
Additionally, prenatal care adequacy was assessed using the Kotelchuck index, due to published
evidence that the Kessner index (also included on Michigan birth records) is less accurate for
pregnancies that extend to term or post-term (Kotelchuck, 1994), as many with GDM do.
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Prenatal care was analyzed in the four categories recorded on the Michigan birth record
(adequate-plus, adequate, intermediate, and inadequate).
The complete births database was then joined by the common identifier field of
concatenated birth date with name (Holian, 1996) to the births file geocoded by maternal
residence. In geocoding the births, addresses were matched using ArcGIS v.10.3.1 to the most
current version of the Michigan road centerlines (Michigan Department of Transportation
Management and Budget [MDTMB], 2016). Of the 107,743 singleton births analyzed for
maternal characteristics, 104,419 (96%) were successfully matched to their location. Of the
5,336 singleton GDM births in the state birth records file, 5,185 (97%) were geocoded. The
relevant Michigan Department of Transportation (MDOT) region was joined to each record to be
used in analysis of regional variation in GDM by maternal characteristics. The six MDOT
regions are Superior, North, Grand, Bay, University, Metro, and Southwest (State of Michigan,
2017) (see Figure 2.1).

Source: State of Michigan, 2017.

Figure 2.1. Michigan Department of Transportation (MDOT) regions.
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Analysis
SPSS v. 22 was used to calculate proportions with 95% confidence intervals for rates of
gestational diabetes in each maternal characteristic category described earlier. Additionally,
linear-by-linear trend tests were conducted on categorical variables maternal age, education and
BMI to assess change in GDM by maternal characteristics. Based on these bivariate analyses,
maternal spatial, demographic and health variables with significant differences in GDM risk by
level of the variable were selected for inclusion in a logistic regression model to predict the
contribution of these factors to risk of GDM in Michigan mothers. Variables included in the final
model were prenatal care adequacy, maternal age, maternal race, income level (Medicaid as
proxy), maternal pre-pregnancy BMI, education level, and tobacco or alcohol use during
pregnancy. Additionally, to assess the contribution of location, the spatial variable of MDOT
region was included in the model.
To analyze spatial patterns of risk of gestational diabetes for the state of Michigan, kernel
density estimation (KDE) maps of maternal residence, by GDM status, were created. The KDE
function of the spatial analyst toolkit in ArcGIS 10.3.1 was used to calculate the density of total
births and GDM births separately using a search radius of 10 kilometer (km). Some public health
researchers advocate for use of a variable distance KDE that incorporates knowledge of the
underlying population distribution (Carlos, Shi, Sargent, Tanski, & Berke, 2010). However, in
this study, instead of underlying population, the density of total births in the state was used as the
denominator in calculating the GDM rate per 10 km radius for the state of Michigan. The scales
of 20 km and 5 km search radii were also mapped to compare visualization at the different scales
before choosing the 10 km search radius.
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GDM rate per 10 km area was calculated by dividing the densities of GDM births and
total births for each 500 meter grid cell. Total GDM and GDM rate were used to reclassify each
10 km area in the state by risk level in one of four ways: low rate and low occurrence, high rate
and low occurrence, low rate and high occurrence, and high rate and high occurrence. High rate
was defined as a rate per 10 km higher than 10% (double the statewide average for GDM in the
same year) and high occurrence was defined as values in the top 30% of data when split into 10
even quantiles. Any locations not defined as high were defined as low for rate or low occurrence.
Contiguous hotspots were defined as adjacent areas at least 10 km in size or larger.
Results
Although the statewide average for GDM in Michigan was 5%, there was geographic
variation in GDM rate by MDOT region. The Southwest Michigan region was the site of
maternal residence for 10% of the total births for the state in 2013, but represented 15% of all
GDM births the same year. The rate of GDM in Southwest Michigan was 7.5%; higher than the
state average of 5% and the rate in any of the other MDOT regions of Michigan (see Table 2.1).
As predicted by previous research on GDM, state-wide risk increased with maternal BMI
and age (Table 2.2). GDM increased with maternal age, from 2% (95% CI .02–.02) in women
age 20 years or younger to 8% (95% CI .07–.08) in women 31 years and above. There was a
significant linear-by-linear association (λ2 = 20.9, p < .001) indicating that as maternal age group
increased, gestational diabetes increased. Similarly, the proportion of women with a diagnosis of
GDM increased with maternal BMI, from 2% (95% CI .02–.03) of births to underweight mothers
to 7% (95% CI .07–.07) of mothers with a BMI indicating overweight or obesity and this was
also a significant linear-by-linear association (λ2 = 41.0, p < .001).
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Table 2.1
Percent of Singleton Births Complicated by Gestational Diabetes (GDM) by MDOT Region,
Michigan 2013
Total Births

GDM
n (% of N)

N = 104,419a

5,185 (5%)

Metro Detroit

N = 44,035

2,025 (5%)

University

N = 15,196

709 (5%)

Southwest

N = 11,064

829 (7.5%)

Bay

N = 11,320

580 (5%)

Grand

N = 15,148

721 (5%)

North

N = 5,026

198 (4%)

Superior

N = 2,630

123 (5%)

State of Michigan
MDOT Regions:

a

Total number of matched, geocoded births from Michigan vital birth records.

Table 2.2
Percent of Births by GDM Status and Maternal and Health-Related Factors, Michigan 2013
Births
n (%)

With GDM
% (95%CI*)

Maternal age (n = 107,743)
20 or under
21–30
31 or above

7,652 (7)
65,215 (61)
34,876 (32)

2 (.02–.02)
4 (.04–.04)
8 (.07–.08)

Maternal race/ethnicity (n = 106,253)
Non-Hispanic Black
Non-Hispanic White
Hispanic
Asian Indian
Other Asian
Other Race/Multiple

20,472 (19)
73,832 (69)
7,431 (7)
1,400 (1)
2,231 (2)
887 (1)

4 (.03–.04)
5 (.05–.05)
5 (.05–.06)
14 (.12–.16)
8 (.07–.09)
5 (.04–.06)
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Table 2.2—Continued
Births
n (%)

With GDM
% (95%CI*)

Medicaid (n = 107,743)
Yes
No

47,427 (44)
60,316 (56)

5 (.05–.05)
5 (.05–.05)

Maternal BMI (n =102,657)
Underweight
Normal
Overweight/Obese

3,630 (4)
45,264 (44)
53,763 (52)

2 (.02–.03)
3 (.03–.03)
7 (.07–.07)

Maternal Education (n =107,201)
Less than High School (HS)
HS Diploma or Equivalent
Associate or Bachelor Degree
Graduate or Professional Degree

14,376 (13)
54,782 (51)
27,666 (26)
10,377 (10)

4 (.03–.04)
5 (.05–.05)
5 (.05–.06)
6 (.05–.06)

Prenatal Care (n = 102,681)
Inadequate
Intermediate
Adequate
Adequate Plus

14,581 (14)
9,891 (10)
39,348 (38)
38,861 (38)

5 (.05–.05)
3 (.03–.03)
4 (.03–.04)
7 (.07–.07)

Delivery (n = 107,743)
Cesarean section
Vaginal

33,049 (31)
74,694 (69)

7 (.07–.07)
4 (.04–.04)

Tobacco (n = 107,476)
Yes
No

23,723 (22)
83,753 (78)

5 (.05–.05)
5 (.05–.05)

Alcohol (n = 107,697)
Yes
No

932 (1)
106,765 (99)

11 (.09–.13)
5 (.05–.05)

Infant birthweight (n = 107,697)
LBW (<2500 g)
Normal
Macrosomic (>4000 g)

6,790 (6)
90,862 (85)
10,045 (9)

5 (.05–.06)
5 (.05–.05)
6 (.06–.07)

NICU admission (n = 107,665)
Yes
No

6,469 (6)
101,196 (94)

8 (.07–.09)
5 (.05–.05)
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There was no difference in GDM risk by Medicaid status (as proxy for income) or
tobacco use during pregnancy. There was a slightly lower GDM rate (no significant difference)
among women in the lowest level of education group (less than high school), but no difference
between the higher education levels. A linear-by-linear association trend analysis indicated that
as level of maternal education increased from lowest to highest, the gestational diabetes rate
within groups increased (λ2 = 22.8, p < .001). As found in previous studies, GDM-complicated
birth was associated with macrosomia and NICU admission of the infant.
By race and ethnicity, women in the Non-Hispanic White, Non-Hispanic Black, Hispanic
and Other/Multiple Race categories had a similar GDM risk of 4–5% of births. The highest
GDM rate by race/ethnicity category occurred among Asian Indian mothers, who made up 1.3%
of total births (n = 1,405) and had a GDM rate of 14% (95% CI .12–.16). The next highest GDM
rate occurred to women who identified as Other Asian race (Filipino, Chinese, Korean, and
Japanese) at 8% (95% CI .07–.09). Women in this race/ethnicity group comprised 2% of total
Michigan births in 2013 (n = 2,246).
Compared to those who did not report alcohol use, women who used alcohol during their
pregnancy were more likely to have also experienced GDM in that pregnancy (11%, 95% .09–
.13), although these were a small number of births in the state (n = 99). Women in the three
lowest levels of prenatal care experienced a GDM rate of 3% to 5%, while the rate for women
with the highest level of care was 7%. See Table 2.2 for complete results of the bivariate
analyses by maternal and delivery characteristics and GDM status.
To understand the contribution of maternal factors on the risk of GDM in Michigan,
controlling for the other maternal variables, a logistic regression model was utilized. Results
confirmed the bivariate analysis, showing that Asian Indian (3.9, 95% 3.3–4.6) and Other Asian
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race (2.1, 95% CI 1.8–2.5) maternal overweight and obesity (2.6, 95% 2.4–2.8), and maternal
age of 31 and above (2.0, 95% CI 1.8–2.1) produced the highest odds ratios indicating increased
likelihood of a GDM diagnosis in the study population. Other groups at increased risk based on
regression results included mothers with either an inadequate (1.9, 95% CI 1.8–2.1) or adequateplus (1.5, 95% CI 1.4–1.7) level of prenatal care as compared to intermediate care and increased
education level compared to lower levels (Graduate/Professional degree OR = 0.84, 95% CI
0.76–0.94 compared to High School diploma). Additionally, mothers residing in the Southwest
MDOT region of Michigan were at increased risk of GDM (1.5, 95% CI, 1.4–1.7) compared to
mothers in the Metro region.
Maternal groups with reduced likelihood of GDM diagnosis compared to the referent
categories included mothers aged 20 years or fewer (.60, 95% .50–.71) compared to mothers in
the 21–30 year age group and Non-Hispanic Black mothers (.72, 95% CI .66–.79) compared to
Non-Hispanic Whites. When maternal age, race, BMI and the other variables in the final model
were controlled for, all education levels were at decreased risk of GDM compared to mothers
with a high-school diploma (the largest group). See Table 2.3 for complete results of the final
logistic regression model.
Spatial analysis of Michigan births revealed a pattern of hotspots of highest density of
GDM births centered on the most densely populated areas of the state, urban centers Metro
Detroit, Lansing, Grand Rapids, Kalamazoo, Flint/Saginaw and Ann Arbor (see Figure 2.2).
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Table 2.3
Factors Associated with Gestational Diabetes (GDM) by Maternal Demographic and Health
Variables, Michigan 2013
Odds ratio
(95% CI exp β*)

p-value

Maternal Age
Age 20 or less
Age 21-30
Age 31 or more

.60 (.50–.71)
referent
2.0 (1.8–2.1)

<.001

Maternal Race/Ethnicity
Non-Hispanic Black
Non-Hispanic White
Hispanic
Asian Indian
Other Asian
Other Race

.72 (.66–.79)
referent
1.1 (.95–1.2)
3.9 (3.3–4.6)
2.1 (1.8–2.5)
.62 (.15–2.6)

<.001

Medicaid
No
Yes

referent
1.0 (.96–1.1)

.362

Alcohol
No
Yes

referent
1.9 (1.5–2.4)

<.001

Tobacco
No
Yes

referent
1.1 (1.0–1.2)

.037

<.001

.297
<.001
<.001
.509

Maternal Education
Less than high school
High school diploma
Associates/Bachelors
Graduate/Professional
Maternal BMI

.79 (.71–.87)
referent
.91 (.84–.98)
.84 (.76–.94)

<.001

Underweight
Healthy weight
Overweight/Obese

.78 (.62–.99)
referent
2.6 (2.4–2.8)

.044

Prenatal Care
Inadequate
Intermediate
Adequate
Adequate-Plus

1.9 (1.8–2.1)
referent
.88 (.78–1.0)
1.5 (1.4–1.7)

.011
.002

<.001
<.001
.053
<.001
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Table 2.2—Continued
Odds ratio
(95% CI exp β*)
MDOT Region
Superior
North
Grand
Metro
Bay
Southwest
University

1.0 (.83–1.2)
.88 (.75–1.0)
1.0 (.92–1.1)
referent
1.2 (1.1–1.3)
1.5 (1.4–1.7)
1.1 (1.0–1.2)

p-value

.948
.100
.897
<.001
<.001
.041

Figure 2.2. Density of gestational diabetes births per 10 kilometer radius, State of Michigan,
2013.
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When the GDM rate was calculated per 10 km radius to examine risk for GDM
controlling for number of births occurring; however, the pattern of hotspots shifted from the
urban centers to two major hotspots at the highest GDM rate (20%, or more than four times the
statewide average rate), located in and around Kalamazoo Count and in Roscommon County in
the center of the northern Lower Peninsula (see Figure 2.3).

gdmrte10cpy
<VALUE>
>0-5%
5-10%
>010-15%
15-20%
20%+

Figure 2.3. Gestational diabetes pregnancy rate per 10 kilometer radius, State of Michigan, 2013.
Visualization of the GDM rate at a more local level of scale, using a 5 kilometer search
radius, revealed a less distinct but similar pattern of rates, with areas of high GDM rate spread
across the northern lower and upper peninsulas, but Kalamazoo County still appearing as a
contiguous hotspot of GDM rates above 15% (map not shown).
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Finally, GDM risk across Michigan was classified into four risk categories based on the
combination of number and rate of GDM births (see Figure 2.4). The Metro Detroit and Grand
Rapids area, the two largest urban centers by population, are dominated by the high number of
GDM births and low GDM rate category. Discrete spots in more rural areas of Michigan appear
as light pink, signifying the low number of GDM births but high GDM rate per all births there.
Notably, the Kalamazoo County area appears as the largest contiguous hotspot of both high
number of GDM births and high rate of GDM, symbolized by the color red. The ring around
Kalamazoo County appearing in light pink is located in more rural census tracts of that county
and follows the rural area pattern seen in other parts of the state, with low overall numbers of
births but a high GDM rate.

Low # Low Rate
High # Low Rate
Low # High Rate
High # High Rate

Figure 2.4. Classification of gestational diabetes (GDM) risk by rate and total GDM births,
Michigan 2013.
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Discussion
Analyses in this study demonstrate that there is variation in the GDM rate in Michigan—
by geographic region of the state as well as by demographic and health-related characteristics of
the state’s mothers. Southwest Michigan was the only region with a GDM rate higher than the
state average. The Southwest Michigan area also showed up as a contiguous hotspot of both
elevated GDM rates and among the highest total numbers of GDM in spatial analysis risk
classification based on kernel density estimation.
Previous literature has established that GDM development can be predicted in part by
maternal age, race/ethnicity, and body weight classification (Martin et al., 2015; van Leeuwen
et al., 2010). Older maternal age and above-normal BMI have previously been linked with
increased GDM risk (MacInnis et al., 2016; Martin et al., 2015; Wilson, Dyer, Latendresse,
Wong, & Bakshe, 2015) and these associations are supported by the findings of this study. The
finding of no difference in GDM risk by Medicaid status may be unique to Michigan and
contraindicates previously published work showing elevated GDM rates among poorer mothers
across the U.S. (Much, Beyerlein, Rossbauer, Hummel, & Ziegler, 2014; Wilson et al., 2015). It
is possible that the introduction of the Affordable Care Act and Medicaid expansion over the past
5 to 7 years has increased the adequacy of prenatal care among low-income women in the state
and eliminated the disparity by Medicaid status; however, these hypotheses were not examined
for the current study.
Other findings of this exploration of GDM risk in Michigan mothers include the elevated
rate of GDM among Asian Indian and Other Asian race categories compared to all other
race/ethnicity groups and the comparatively lower rates, by race, among Non-Hispanic Black
mothers. While previous researchers have linked Asian race with an elevated rate of GDM
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compared to Non-Hispanic White mothers (Martin et al., 2015; Nguyen et al., 2012), NonHispanic Black mothers as the racial group with lowest GDM rate has not been previously
reported. Additionally, published evidence does point to worse birth outcomes and higher
probability of the development of T2DM following GDM birth among Non-Hispanic Black
mothers compared to any other race/ethnicity category (Nguyen et al., 2012; Noctor & Dunne,
2015; Xiang et al., 2011). Non-Hispanic Black mothers are over-represented among overweight
and obese women (Ferrara, 2007; Ryan & Zhou, 2006); this association may play a confounding
role in the risk of adverse outcomes following GDM. Additionally, there may be connections
between level of prenatal care (diagnosis rates) and GDM rates that limit the rate among NonHispanic Black mothers; this idea requires further study. When BMI category was controlled for
in stratified analyses of GDM risk by race/ethnicity for Michigan, BMI does not explain the
elevated GDM rates among white mothers in the state.
Prenatal care in both the lowest and highest categories were associated with increased
risk of GDM among Michigan mothers and the confidence intervals of the odds ratios for these
two groups overlapped. Potential explanations for these groups could include inadequate care
being associated with less healthy nutrition and other lifestyle behaviors in that group, producing
greater likelihood of abnormal blood glucose tolerance during pregnancy. This idea is supported
by two large, longitudinal studies of U.S. births that found greater prevalence of inadequate
prenatal care among women who were younger, less educated, and reported smoking during
pregnancy (Echevarria & Frisbie, 2001; Partridge, Balayla, Holcroft, & Abenhaim, 2012). The
adequate-plus category may include mothers with various other complications related to the
pregnancy, making more frequent visits to healthcare providers necessary (Echevarria & Frisbie,
2001). Mothers with other common pregnancy complications, pregnancy-induced hypertension
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(PIH) and related disorders, are also at increased risk of developing gestational diabetes, due to
overlapping risk factors such as above-normal maternal BMI (van Leeuwen et al., 2010).
Previous literature on the spatial epidemiology of health has suggested that there may be
rural/urban disparities in health due to issues of healthcare access as well as socioeconomic and
racial differences between rural and urban populations. Most state-funded maternal-child health
(MCH) programs in Michigan have focused on the outcomes infant mortality, low birthweight
and prematurity and have focused on reducing disparity by race and income-level based on these
outcomes (Kothari et al., 2014). State natality data shows overall improvements in LBW and preterm birth over the previous 5-year period, which may be attributable in part to MCH
programming (MDHHS, 2016). This study focused instead on the outcome of GDM, a different
MCH outcome that has increased in prevalence nationally over the past several decades.
Although GDM is linked with long-lasting negative health effects for mothers and their
offspring, the population at highest risk of GDM may not be reached by current MCH
programming aimed at reducing LBW and premature births.
This study revealed four unique classifications of GDM risk and their locations in the
state of Michigan. By understanding the risks and potential barriers to healthy GDM pregnancy
outcomes that may be unique to these classification groups, public health programmers can use
this method to target the content, as well as the location, of interventions to match the
populations, thereby improving efficacy and cost-savings of programs and services.
Two of the four classes of GDM risk are of highest acuity to be targeted for intervention:
the high number-high rate group and the low number-high rate group. The high number-high rate
GDM risk group was located primarily in Kalamazoo County, Michigan (see Figure 2.3). This
was the largest contiguous area of multiple output cells with both the highest rates of GDM (at
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least four times the state average) and also the top 30% of values for greatest number of GDM
births by area of the state. Kalamazoo County is part of the Southwest Michigan region identified
through other analyses as having the highest GDM rate compared to all other regions of the state
(Table 2.1). Stratified analyses by maternal age, and education level indicate that each of these
factors has a significant influence on GDM risk for Michigan mothers. Elevated BMI does not on
its own explain the differences in GDM rate by maternal race/ethnicity, education level, and age.
Further explorations of the etiology of GDM risk and associated morbidity for this area are
warranted.
The low number-high rate GDM risk group, in contrast, was located in many smaller
rural spots throughout the state of Michigan. The largest contiguous areas were grouped near the
center of the northern part of the lower peninsula of Michigan, near Roscommon County.
Locations with this GDM risk profile would likely be more rural, due to the relatively low total
numbers of GDM births. Despite their smaller population size, however, the risk classification
method demonstrated in this study permits visualization of these areas of high GDM risk relative
to the total number of births there. Where contiguous hotspots of this risk type are present,
intervention planners may consider choosing a location situated mid-way between several of
these hotspots, to increase the feasibility of accessing health-related programming by rural
individuals.
Strengths of this study are that it used a complete sample of annual births from the state
of Michigan and that previous work using birth records has established a high level of agreement
between birth records and other sources of perinatal information, such as the Pregnancy Risk
Assessment Monitoring System (PRAMS) questionnaire (DeSisto, Kim, & Sharma, 2014;
Hawkins, Gilman, Shafer, & Cohen, 2014). Additionally, the use of an evidence-based multistep
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approach to geocoding (Siffel, Strickland, Gardner, Kirby, & Correa, 2006) led to a higher rate
of address matching than was originally expected. Finally, the risk classification developed in
this study has the advantage of taking into account population differences in rural and urban
locations; through the use of rate mapping based on the total births, this study’s method also
accounts for potential variation in the proportion of the population of any given area that are of
child-bearing age.
Limitations include the reliance on previously collected data for analysis, including
maternal residence for geocoding. As noted in the methods section of this paper, the birth records
were missing values for some variables, eliminating some cases from the analyses. The difficulty
in obtaining clean health data for secondary analyses has been commented on by previously
published literature (Beale, Abellan, Hodgson, & Jarup, 2008; Kirby, 2001) and remains a
limiting factor for this study as well.
Future study of Michigan GDM risk should consider breastfeeding behavior by maternal
characteristic and spatial location of the state, as breastfeeding has been established as a
potentially powerful protective factor that may counteract some of the risks associated with
GDM birth and reduce lifetime health risk for affected mothers and their offspring (Finkelstein,
2013; Lessen & Kavanaugh, 2015). This study demonstrates use of a novel approach to
evaluation of GDM risk using a combination of spatial and statistical analyses of available birth
records data for a state. By establishing a GDM risk and applying that method to the state,
regional differences and urban/rural differences in GDM risk pattern were identified that may be
used to inform future interventions to reduce morbidity related to GDM in Michigan.
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CHAPTER III
SPATIAL ANALYSIS OF BREASTFEEDING BY MATERNAL
GESTATIONAL DIABETES STATUS IN MICHIGAN
Introduction
The benefits of breastfeeding after gestational diabetes (GDM) include reductions in
postpartum insulin resistance and lifetime risk of developing Type II Diabetes (T2DM) for
mothers (O’Reilly, Avalos, Gennedy, O’Sullivan, & Dunne, 2011; Ziegler et al., 2012) and
reduced risks of hypoglycemia (Chertok et al., 2009; Trout, Averbuch, & Barowski, 2011),
obesity (Bider-Canfield et al., 2016; Crume et al., 2012) and T2DM (Martens et al., 2016) for
offspring of a GDM-complicated gestation. Additional benefits to mothers from breastfeeding
after GDM include better glucose control and insulin sensitivity (Martens et al., 2016; O’Reilly
et al., 2011) and reduced rates of obesity, cardiovascular disease and metabolic syndrome
(Gunderson et al., 2012; Trout et al., 2011). Michigan breastfeeding rates (75% of babies ever
breastfed) lag behind the national goal set by the Healthy People 2020 program of 82% of babies
ever breastfed (Office of Disease Prevention and Health Promotion [ODPHP], 2017).
Additionally, recent efforts to increase breastfeeding by participants of the WIC program in
Michigan have not resulted in measurable improvements in the breastfeeding rate (Michigan
Department of Health and Human Services [MDHHS], 2015). The objective of this work is to
examine birth records data using a combination of GIS mapping and statistical analyses to
understand the relationships between breastfeeding and GDM in Michigan, and risk of not
breastfeeding at the individual level, for the purpose of informing the location and content
interventions to promote breastfeeding.
34
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Benefits of breastfeeding after GDM may be especially important for Non-Hispanic
Black mothers, due to documented higher risk of poor glucose control and progression to T2DM
following GDM among women in this group (Nguyen et al., 2012). Comparison of the risk of
development of T2DM following GDM by race has revealed that the difference may be as large
as a 10 (95% CI 8–13) times greater risk of T2DM following GDM for black mothers compared
to their black counterparts without GDM, versus a seven (95% CI 5–7) times risk of T2DM after
GDM for white mothers compared to normotensive mothers (Xiang et al., 2011). Breastfeeding
is universally recommended after GDM-complicated pregnancy (Lessen & Kavanaugh, 2015),
and offers a safe, low-cost intervention to reduce risk of T2DM (Martens et al., 2016; Much,
Beyerlein, Rossbauer, Hummel, & Ziegler, 2014), cardiovascular disease and metabolic
syndrome (Gunderson et al., 2010; Trout et al., 2011); the magnitude of the reduction in risk is
unclear at the present time (Noctor & Dunne, 2015), but is being examined by an ongoing, longterm, prospective study of the effects of breastfeeding on development of T2DM after GDM in a
community-based cohort (Gunderson et al., 2012).
Despite the potential benefits, several studies have reported barriers to breastfeeding
success that may uniquely affect women with GDM (Fallon & Dunne, 2015; Morrison, Collins,
Lowe, & Giglia, 2015; Riddle & Nommsen-Rivers, 2016; Verd, deSotto, Fernandez, &
Guitierrez, 2016). These potential difficulties include delayed lactogenesis II (>72 hours until
mature milk production) in the presence of even mild hyperglycemia in pregnancy (NommsenRivers, Dolan, & Huang, 2012; Salahudeen, Koshy, & Sen, 2013; Verd et al., 2016). Delayed
lactogenesis II has been linked to early cessation of exclusive breastfeeding (Brownell, Howard,
Lawrence, & Dozier, 2012; Morrison et al., 2015; Verd et al., 2016) due to the maternal
misperception of inadequate milk supply (Fallon & Dunne, 2015; Riddle & Nommsen-Rivers,
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2016) that results in early introduction of formula supplementation (Finkelstein, 2013; OzaFrank, Chertok, & Bartley, 2015; Oza-Frank, Moreland, McNamara, Geraghty, & Keim, 2016).
Supplementing with formula in the first month of breastfeeding, while supply is being
established, is associated with reduced breastmilk production and ability of a mother to
adequately provide enough breastmilk to support her infant’s growth during the first year of life
(Centers for Disease Control and Prevention [CDC], 2016). To overcome this problem, several
researchers have recommend the early initiation of breastfeeding (within the first 2 hours of life)
(Fallon & Dunne, 2015; Tozier, 2013) by mothers with GDM. Previous work also supports
comprehensive prenatal education that prepares mothers for the possibility of delayed
lactogenesis II (Morrison et al., 2015; Salahudeen et al., 2013) and provides strategies and
information to build self-efficacy for those mothers and increase breastfeeding confidence after
GDM (Fallon & Dunne, 2015; Finkelstein, 2013).
Previous epidemiologic studies of breastfeeding initiation among women with diabetescomplicated pregnancy have identified differences by maternal BMI that differ by race and
ethnicity, maternal age, and income of women with diabetes in pregnancy; specifically, that
Black mothers and low-income mothers are more likely than Whites and mothers with higher
income, respectively, to have above-normal BMI and less likely to breastfeed. At the same time,
previous work has suggested that compared with younger mothers, older maternal age may be
associated with higher rates of breastfeeding (Cordero, Gabbe, Landon, & Nankervis, 2013;
Haile, Oza-Frank, Chertok, & Passen, 2016; Kachoria & Oza-Frank, 2014a, 2014b). It is welldocumented that rates of preterm birth and Cesarean section delivery are elevated among women
with GDM (Aviram et al., 2016; Wahibi, Fayed, Alzeidan, & Mandil, 2014), and in fact, that
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Cesarean sections are more likely in GDM-complicated pregnancies even in the absence of the
usual indications for this intervention (Donovan et al., 2012).
In addition to a potential influence of Cesarean delivery on breastfeeding, infants born to
women with GDM are at increased risk of hypoglycemia (Chertok et al., 2009) that is often
treated using early introduction of formula (Tozier, 2013) despite evidence that early
introduction of breastmilk is as effective (Tozier, 2013) or more effective (Chertok et al., 2009)
than formula at stabilizing normal blood glucose levels in the neonatal period. Based on a
literature search of Scopus using the terms “gestational diabetes AND Michigan AND
[breastfeeding OR lactation]” conducted between November 2016 and January 2017, no study to
date has explored the relationship between breastfeeding and GDM in Michigan, despite lower
breastfeeding rates compared to national average and increasing GDM rates (Michigan
Department of Health and Human Services [MDHHS], 2016). Two recently published studies
examined breastfeeding initiation in Ohio for mothers by gestational diabetes status using birth
records (Kachoria & Oza-Frank, 2014a) and electronic health records from the Ohio State
University’s Wexner Medical Center (Cordero et al., 2013). During the period 2006–2011,
breastfeeding initiation rates varied by diabetes status and race, with breastfeeding rates among
women with GDM similar to the rates of women without any kind of diabetes diagnosis, while
women with pre-existing diabetes were less likely to breastfeed (Kachoria & Oza-Frank, 2014a).
Additionally, the longitudinal study of Ohio births found that, while Black mothers were least
likely to breastfeed compared to other race groups, for Black mothers, being overweight was not
associated with a reduction in likelihood to breastfeed, as it was for White mothers (Kachoria &
Oza-Frank, 2014a). The cross-sectional study of Ohio State University delivery records from
2011 found that 54% of mothers with GDM initiated breastfeeding, while not breastfeeding was
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associated with Black race, lower education level, smoking, obesity, and NICU admission
(Cordero et al., 2013).
The relationship between breastfeeding after GDM and race/ethnicity and income groups
across Michigan has not been studied; however, previous work in Australia has uncovered
variation in breastfeeding rates and practices after GDM (such as early introduction of formula)
by race and income subgroups, such as earlier formula introduction and lower breastfeeding rates
among native populations compared to Whites (Morrison et al., 2015).
Previous studies have identified maternal pregnancy conditions and delivery
characteristics associated with diabetes-complicated gestation and breastfeeding behavior
separately; for example, obese mothers are less likely to breastfeed past six months compared to
mothers with healthy pre-pregnancy weight, regardless of GDM status (Bider-Canfield et al.,
2016) and mothers with less education, younger mothers, low-income and non-White mothers
are less likely to breastfeed overall (Cordero et al., 2013; Finkelstein, 2013; Lessen & Kavanagh,
2015). Breastfeeding behavior after diabetes-complicated pregnancy has been explored by
studies using both birth certificate and hospital records data (Cordero et al., 2013; Kachoria &
Oza-Frank, 2014a; Soltani & Arden, 2009). Previous study of a population of women with
gestational diabetes found that intention was the most significant predictor of breastfeeding
initiation; none of the mothers who reported the intention to feed formula went on to initiate
breastfeeding (Cordero et al., 2013). Another study, comparing level of agreement between
hospital feeding records and breastfeeding information recorded on the Massachusetts birth
certificate, found that mothers did not overstate intention to breastfeed.
Up to now, a method for identification of maternal demographic and health factors
associated with women not breastfeeding with GDM, and a means for identification of their

39
location in a region, has not been produced (Salahudeen et al., 2013). Additionally, spatial
patterns of GDM risk incorporating breastfeeding behavior within a state have not previously
been explored. This work aims to add analysis of breastfeeding as recorded in the Michigan birth
records to this author’s previous study of GDM in Michigan. The purpose of this paper is to
identify a maternal profile of women at risk for not breastfeeding after a GDM birth and to
visualize the location within Michigan of high numbers of cases and high densities of women not
planning to breastfeed in Michigan, using kernel density estimation analysis. Women that live in
areas with high densities of mothers not planning to breastfeed that are also in or near areas with
high densities of GDM births should be targeted for interventions designed to promote
breastfeeding and improve birth outcomes. An overall objective of this work is to demonstrate a
method for spatial analysis of birth records data to inform the location and content of
breastfeeding promotion interventions in a state.
Methods
Design
This study used a retrospective design to analyze birth records data from 107,743
singleton live births from Michigan in the year 2013. Using a previously created GIS database of
these births, breastfeeding status of women as recorded in the birth files was analyzed by GDM
status, maternal demographic and birth characteristics.
Measures and Operationalized Definitions
The statistical database containing 2013 births to mothers residing in the state of
Michigan (created in Chapter II of this dissertation) was utilized. This database included the
following variables for analyses: gestational diabetes in pregnancy as a dichotomous variables
(yes [y] or no [n]), maternal race and ethnicity (Non-Hispanic Black, Non-Hispanic White,
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Hispanic, Asian Indian, Other Asian, and Other Race), age (20 year and below, 21–30 years, and
31 year and above), maternal education level (less than high school, high school diploma or
equivalent, Associates or Bachelor’s degree, and graduate or professional degree), maternal BMI
(underweight, normal weight, overweight/obese), prenatal care adequacy by Kotelchuck index
(inadequate, intermediate, adequate, adequate-plus), Medicaid-paid delivery (y/n) as proxy for
income, Cesarean section delivery (y/n), tobacco and alcohol use reported as separate variables
(y/n), infant birthweight (categorical LBW <2500 g, NBW, Macrosomic >4000 g), and NICU
admission.
To this, the breastfeeding intention/action variable recorded in the Michigan birth records
was added, as a three category variable for breastfeeding (initiated, planned, and not planned).
Although breastfeeding initiation has been studied by most published works on U.S.
breastfeeding over the past 10 years, the three levels of the breastfeeding question in Michigan’s
birth record seems to have produced variability in how the levels are used by delivery hospitals
in the state. For example, of the two delivery hospitals in Kalamazoo County, Michigan, one
uses all three levels (initiated, planned, not planned) while the other uses only planned or not
planned to record breastfeeding intention and never records breastfeeding initiation in the birth
record. In other regions of Michigan, the initiated and planned categories are used in equal
proportion by hospitals; thus, we assume that the hospital is using all three categories, and asking
mothers to answer the question in a standard manner. In this study, all three categories of the
breastfeeding variable were analyzed; analysis of frequencies by hospital code by county of the
state revealed only five counties out of the 83 statewide that contained at least one delivery
hospital that did not use all three levels of the breastfeeding variable. Given the literature review
of risks to women with GDM who do not breastfeed, as well as birth record differences in
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breastfeeding behavior, mothers with GDM whose birth record indicates that they did not plan to
breastfeed were used as the outcome variable of interest during statistical modeling.
To examine likelihood of breastfeeding behavior by the maternal demographic and health
characteristics described above, these were included in bivariate analyses of proportions (with
95% confidence intervals) of each maternal group by breastfeeding category from the birth
records. The complete births database was joined by the common identifier field of concatenated
birth date with name (Holian, 1996) to the births file geocoded to maternal residence. In
geocoding the births, addresses were matched using ArcGIS v.10.3.1 to the most current version
of the Michigan road centerlines (Michigan Department of Transportation Management and
Budget [MDTMB], 2016). Of the 107,743 singleton births analyzed for maternal characteristics,
104,419 (96%) were successfully matched to their location. Of the 5,336 singleton GDM births
in the state birth records file, 5,185 (97%) were geocoded. The relevant Michigan Department of
Transportation (MDOT) region was joined to each record to be used in analysis of regional
variation in GDM by maternal characteristics. The six MDOT regions are Superior, North,
Grand, Bay, University, Metro, and Southwest (State of Michigan, 2017); see Figure 3.1.

42

Source: State of Michigan, 2017
Figure 3.1. Michigan Department of Transportation (MDOT) regions.
Analysis
To analyze spatial patterns of risk of not breastfeeding after a GDM pregnancy, kernel
density estimation (KDE) maps of maternal residence, by breastfeeding status and GDM status,
were created. The KDE function of the spatial analyst toolkit in ArcGIS 10.3.1 was used to
calculate the density of total births and GDM births separately, and breastfeeding status by total
births and GDM births separately, using a unit area of 500 square meters and a search radius of
10 kilometers (km). Risk rates for all mothers not breastfeeding per 10 km area and mothers with
GDM not breastfeeding per 10 km area were calculated by dividing the “breastfeeding not
planned” mother density by the densities of all births and GDM births, respectively. Finally, to
consider breastfeeding in the context of the total GDM landscape of the state, GDM prevalence
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and GDM rate were used to characterize communities by risk level in one of four ways: low rate
and low occurrence, high rate and low occurrence, low rate and high occurrence, and high rate
and high occurrence. High rate was defined as a rate per 10 km higher than 10% of all births
(double the statewide average for GDM in the same year) and high occurrence was defined as
values in the top 30% of data when split into 10 even quantiles. Contiguous hotspots were
defined as adjacent areas at least 10 km in size or larger.
To control for potential confounding between related maternal demographic variables, a
logistic regression model was used to assess the contribution of maternal race, income level
(Medicaid as proxy), maternal age, prenatal care adequacy, BMI, education level, and tobacco or
alcohol use during pregnancy. Additionally, to assess the contribution of location, the spatial
variable of Michigan Department of Transportation (MDOT) region was included in the model.
Based on bivariate analyses and previous regression analyses conducted by the author and
reported in this dissertation indicating differences by GDM status, the regression was conducted
separately for GDM births and non-GDM births. The objective is to demonstrate how birth
records can provide information about the target population (mothers not breastfeeding after
GDM) that will inform content of interventions combined with the spatial analysis informing
location of these efforts to increase breastfeeding after GDM.
Results
When maternal demographic factors were considered for Michigan mothers with GDM,
likelihood of initiating breastfeeding increased with maternal age and education level;
conversely, likelihood of not planning to breastfeed decreased as maternal age and education
level increased. Factors that were associated with not planning breastfeeding among women with
GDM included Non-Hispanic Black race and Medicaid-paid delivery. Examining maternal
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demographic factors for non-GDM Michigan mothers, the same relationships were observed
between maternal age and education level and breastfeeding. Non-Hispanic Black and Medicaidpaid deliveries were most likely to not plan breastfeeding. Mothers in the Asian Indian race
group were most likely to plan breastfeeding, in both GDM status groups (see Table 3.1).
By MDOT region of the state, differences were observed in proportion of births in each
breastfeeding category. These differences persisted regardless of GDM status of the mother. In
general, MDOT regions on the Southeastern side of the lower peninsula of Michigan (Bay,
University, and Metro regions), hospitals tended to report initiated breastfeeding more frequently
than any other category, with planned breastfeeding second most frequently recorded. In the
Grand, North, and Superior (West and Northern areas of Michigan), initiate and planned were
used with nearly equal frequency, while in the Southwest region of Michigan, planned
breastfeeding was the most frequently recorded level of the breastfeeding category, followed by
initiated and not planned. In all regions, breastfeeding not planned made up the smallest
proportion of births, although there were differences in proportion of mothers in this group by
region and by GDM status. The Bay region had the highest proportion of births with
breastfeeding not planned, regardless of GDM status (27% of births in each GDM category). In
the Superior region (Upper Peninsula of Michigan), however, a greater proportion of GDM
births did not plan to breastfeed (26%, 95% CI .19–.34) compared to the percent among nonGDM mothers in the same region (18%, 95% CI .16–.19). See Tables 3.1 and 3.2 for complete
demographic results stratified by GDM status.
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Table 3.1
Percent of Singleton, Non-GDM Births, by Breastfeeding Category and Maternal Demographic
Factors, Michigan Birth Records 2013
n

Initiated BF

Planned BF
% (95% CI)a

7,505
62,659
32,241

29 (27–.29)
38 (.37–.38)
47 (.45–.47)

37 (.36–.38)
39 (.38–.39)
37 (.36–.37)

34 (.32–.34)
23 (.23–.23)
16 (.15–.16)

Maternal Race
Non-Hispanic Black
Non-Hispanic White
Hispanic
Asian Indian
Other Asian
Other/Multiple

19,734
70,094
7,032
1,205
2,049
844

23 (.22–.23)
45 (.44–.45)
39 (.37–.39)
69 (.63–.70)
54 (.49–.55)
52 (.46–.53)

38 (.37–.38)
38 (.37–.38)
42 (.40–.42)
27 (.22–.27)
37 (.33–.38)
38 (.32–.38)

39 (.38–.39)
17 (.16–.17)
19 (.17–.19)
4 (.03–.05)
9 (.08–.10)
10 (.09–.13)

Medicaid
Yes
No

45,193
57,212

33 (.32–.33)
46 (.45–.47)

33 (.33–.34)
40 (.39–.40)

29 (.29–.30)
14 (.14–.14)

Maternal Education
Less than High School (HS)
HS Diploma /Equivalent
Associate/ Bachelor
Graduate or Professional

13,864
52,046
26,177
9,801

25 (.23–.25)
37 (.36–.37)
52 (.51–.53)
60 (.59–.61)

35 (.33–.35)
38 (.36–.39)
39 (.38–.39)
35 (.34–.35)

40 (.39–.40)
26 (.25–.26)
9 (.08–.09)
5 (.04–.05)

MDOT Region
Superior
North
Bay
Grand
University
Metro
Southwest

2,462
4,711
11,733
15,614
14,675
43,414
9,795

39 (.37–.41)
45 (.44–.46)
49 (.48–.50)
31 (.30–.32)
54 (.53–.55)
40 (.39–.40)
33 (.32–.34)

43 (.41–.45)
40 (.39–.42)
24 (.23–.24)
53 (.51–.53)
29 (.28–.30)
36 (.36–.37)
47 (.46–.48)

18 (.16–.19)
15 (.14–.16)
27 (.26–.28)
17 (.16–.17)
17 (.16–.18)
24 (.23–.24)
20 (.19–.21)

Maternal Age
20 or under
21–30
31 or above

BF Not Planned

b

c

a

95% confidence interval. bMaternal race unknown/missing for 1,447 cases (1.5%). cMissing education
for 517 cases (0.5%).
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Table 3.2
Percent of Singleton Births Complicated by GDM, by Breastfeeding Category and Maternal
Demographic Factors, Michigan Birth Records 2013
n
Maternal Age
20 or under
21–30
31 or above

Initiated

Planned
% (95% CI)a

Not Planned

147
2,556
2,635

29 (.23–.37)
40 (.38–.42)
46 (.44–.48)

43 (.35–.51)
40 (.38–.42)
36 (.35–.38)

28 (.21–.26)
20 (.19–.22)
18 (.16–.19)

Maternal Race/Ethnicity
Non-Hispanic Black
Non-Hispanic White
Hispanic
Asian Indian
Other Asian
Other Race

738
3,738
399
195
182
43

33 (.30–.37)
42 (.41–.44)
40 (.36–.45)
75 (.68–.80)
47 (.40–.54)
74 (.60–.85)

38 (.35–.42)
39 (.37–.40)
42 (.38–.47)
21 (.16–.27)
38 (.31–.45)
19 (.10–.33)

29 (.26–.32)
19 (.17–.20)
17 (.14–.21)
4 (.02–.08)
15 (.10–.21)
7 (.02–.19)

Medicaid
Yes
No

2,234
3,104

36 (.34–.38)
47 (.45–.49)

34 (.32–.36)
41 (.39–.43)

29 (.27–.31)
12 (.11–.13)

Maternal Education
Less than High School (HS)
HS Diploma
Associate/Bachelor Degree
Graduate or Professional

512
2,736
1,489
576

30 (.26–.34)
39 (.37–.41)
49 (.46–.51)
58 (.54–.62)

33 (.29–.38)
38 (.36–.40)
41 (.39–.44)
36 (.32–.40)

36 (.32–.41)
24 (.22–.25)
10 (.08–.11)
6 (.04–.08)

MDOT Region
Superior
North
Bay
Grand
University
Metro
Southwest

121
186
649
742
758
2,074
808

42 (.34–.51)
35 (.29–.43)
51 (.47–.55)
37 (.34–.41)
57 (.53–.60)
48 (.46–.50)
17 (.15–.20)

32 (.25–.41)
49 (.42–.56)
22 (.19–.25)
42 (.39–.46)
28 (.25–.31)
34 (.32–.36)
66 (.63–.70)

26 (.19–.34)
16 (.11–.21)
27 (.24–.31)
20 (.18–.24)
15 (.13–.18)
18 (.17–.20)
16 (.14–.19)

b

c

a

CI = confidence interval. b1% (n = 43) missing or unknown maternal race/ethnicity. c0.5% (n = 25)
missing maternal education.
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Health and delivery-related factors were then considered for mothers in the birth cohort,
stratified by GDM status. Women with GDM showed the same distribution into the three
breastfeeding categories, regardless of type of delivery, with the greatest proportion of mothers
initiating breastfeeding, followed by planning, and the smallest proportion not planning to
breastfeed. Mothers with GDM were equally likely (at 19% each) to not plan breastfeeding,
regardless of alcohol use during the pregnancy. In contrast, among women with GDM, those
who reported tobacco use were significantly more likely to not plan to breastfeed (30%, 95% CI
.27–.33) compared to mothers who did not use tobacco (16%, 95% CI .15–.17). Among mothers
with a GDM diagnosis, there was not a significant difference in likelihood of not planning to
breastfeed based on maternal BMI. Mothers with the highest level of prenatal care (adequateplus) were the least likely to plan to breastfeed, regardless of GDM status. See Tables 3.3 and 3.4
for complete results.
Among women without GDM, again there was no difference in proportion of mothers in
each breastfeeding category by delivery type. There was no difference in the proportion of
mothers not planning to breastfeed (20–21% each with overlapping 95% confidence intervals)
between non-GDM mothers who reported alcohol use and those who did not. Mothers who used
tobacco during a non-GDM pregnancy were more likely (35%, 95% CI .34–.36) to not
breastfeed compared to non-GDM mothers who did not report tobacco use (17%, 95% CI .16–
.17). In contrast to the results for mothers with GDM, when non-GDM pregnancies were
considered, there was a difference in the relationship and magnitude of difference between
maternal BMI categories in each breastfeeding category. Non-GDM mothers were least likely to
initiate breastfeeding when overweight, compared to other maternal BMI group. Both
underweight and overweight non-GDM mothers were equally likely (23–24% with overlapping
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95% confidence intervals) to not plan breastfeeding, and more likely than their normal-weight,
non-GDM peers. See Table 3.4 for complete results.

Table 3.3
Percent of Singleton, GDM Births by Breastfeeding Category and Maternal Health Factors,
Michigan 2013

a

n

Initiated BF

Planned BF
% (95% CI)a

BF Not Planned

Delivery
Cesarean
Vaginal

2,356
2,982

41 (.39–.43)
44 (.42–.46)

38 (.36–.40)
38 (.36–.40)

21 (.19–.22)
18 (.17–.19)

Alcoholb
Yes
No

99
5,238

13 (.08–.21)
43 (.42–.45)

68 (.58–.76)
38 (.36–.39)

19 (.13–.28)
19 (.18–.20)

Tobacco
Yes
No

1,209
4,119

36 (.33–.38)
45 (.43–.46)

34 (.32–.37)
39 (.38–.41)

30 (.27–.33)
16 (.15–.17)

Maternal BMIc
Underweight
Normal weight
Overweight

77
1,275
3,776

39 (.29–.50)
46 (.43–.49)
42 (.41–.44)

47 (.36–.58)
37 (.34–.40)
38 (.36–.39)

14 (.08–.24)
17 (.15–.19)
20 (.19–.21)

Prenatal Cared
Inadequate
Intermediate
Adequate
Adequate-Plus

2,705
1,387
301
746

43 (.42–.45)
49 (.46–.51)
52 (.46–.57)
27 (.24–.31)

39 (.37–.41)
33 (.31–.36)
30 (.25–.35)
48 (.44–.51)

18 (.16–.19)
18 (.16–.20)
19 (.15–.23)
25 (.22–.28)

95% confidence interval. b1 case missing alcohol risk.
189) missing prenatal care adequacy.

c

4% (n = 210) missing maternal BMI. d3% (n =
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Table 3.4
Percent of Singleton, Non-GDM Births by Breastfeeding Category and Maternal Health Factors,
Michigan 2013
n
Delivery
Cesarean
Vaginal
Alcoholb
Yes
No
Tobacco
Yes
No
Maternal BMIc
Underweight
Normal weight
Overweight
d
Prenatal Care
Inadequate
Intermediate
Adequate
Adequate-Plus
a

Initiated BF

Planned BF
% (95% CI) a

BF Not Planned

30,693
71,712

41 (.39–.41)
42 (.41–.42)

38 (.37–.38)
37 (.36–.37)

21 (.20–.21)
21 (.20–.21)

833
101,527

33 (.28–.34)
41 (.40–.41)

47 (.41–.48)
38 (.37–.38)

20 (.20–.21)
21 (.20–.21)

22,514
79,634

35 (.34–.36)
43 (.43–.44)

30 (.29–.31)
40 (.39–.40)

35 (.34–.36)
17 (.16–.17)

3,553
43,989
49,987

44 (.41–.45)
45 (.45–.46)
39 (.39–.40)

32 (.30–.33)
37 (.36–.37)
38 (.37–.38)

24 (.22–.25)
19 (.18–.19)
23 (.22–.23)

36,156
37,961
9,590
13,835

42 (.41–.42)
46 (.45–.46)
41 (.40–.42)
31 (.30–.32)

39 (.38–.39)
36 (.35–.36)
37 (.36–.38)
38 (.37–.39)

19 (.19–.20)
18 (.18–.19)
22 (.21–.23)
31 (.30–.32)

b

c

95% confidence interval. n = 45 (<1%) missing alcohol risk. 5% (n=4,976) missing maternal BMI.

d

5% (n = 5,062) missing prenatal care adequacy.

Maternal demographic and health variables selected from bivariate analyses were then
entered into a logistic regression model to control for potential confounding and assess the
relationship between each individual variable and breastfeeding. The model was run separately,
stratified by GDM status of mothers, to allow comparison of breastfeeding behavior between
groups.
An increased risk of not breastfeeding was observed among Non-Hispanic Blacks
regardless of GDM status, when compared with Non-Hispanic White mothers. Among nonGDM mothers, Non-Hispanic Blacks were at greater risk of not planning to breastfeed (2.1, 95%
CI 2.0–2.2) compared to Non-Hispanic White mothers without GDM. In mothers without a
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GDM diagnosis, alcohol use was associated with a significant reduction in the risk of not
breastfeeding (.80, 95% CI .66–.96); there was no difference in risk by alcohol use among
women with GDM. When mothers had the highest level of prenatal care adequacy, adequateplus, those without GDM were significantly more likely not to breastfeed (1.2, 1.2–1.3)
compared to mothers without GDM in the intermediate prenatal care group. An even larger
difference was seen among non-GDM mothers with inadequate prenatal care, who were twice as
likely (2.0, 95% CI .94–3.0) to not breastfeed compared to non-GDM mothers with intermediate
care. There was no difference by prenatal care among women with GDM.
The spatial variable, region of Michigan, was significant in predicting not breastfeeding
for all non-GDM births. In the Bay region, among women with GDM, there was an increased
risk of not breastfeeding (1.4, 95% CI 1.1–1.8) compared to women with GDM in the largest
region, the Metro region near Detroit. Also among mothers with GDM, those in the North region
were significantly more likely to breastfeed (less likely to not breastfeed at a magnitude of .64,
95% CI .41–.98) compared to mothers with GDM in the Metro region. Interestingly, mothers in
both the underweight and overweight/obese BMI groups were more likely to breastfeed
compared to healthy weight mothers when a diagnosis of GDM was present, compared to the
non-GDM mothers in the same BMI categories compared to healthy weight non-GDM mothers.
Among mothers with GDM, those with Medicaid-paid births were most likely to not plan
breastfeeding compared to any other maternal category studied (2.0, 95% CI 1.7–2.3). NonHispanic Black mothers with GDM were at additional risk of not planning to breastfeed (1.4,
95% CI 1.1–1.7) compared to Non-Hispanic Whites with GDM. By maternal age, the oldest
group of women showed an increased risk of not breastfeeding (1.2, 95% CI 1.0–1.4) compared
to the 21–30 year age group. Interestingly, when controlling for other variables included in the
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final model, maternal BMI and prenatal care adequacy were not significant predictors of
breastfeeding among women with GDM. Complete results of the regressions can be found in
Table 3.5.

Table 3.5
Factors Associated with Not Breastfeeding, Stratified by GDM Status, Michigan Birth Records
2013 a,b,c
GDM – Yes
Odds ratio
a
(95% CI exp β )

GDM – No
Odds ratio
(95% CI exp β)

Maternal Age
Age 20 or less
Age 21–30
Age 31 or more

0.9 (.60–1.3)
referent
1.2 (1.0–1.4)

1.0 (.94–1.1)

Maternal Race/Ethnicity
Non-Hispanic Black
Non-Hispanic White
Hispanic
Asian Indian
Other Asian
Other Race

1.4 (1.1–1.7)
referent
.59 (.43–.79)
.34 (.16–.72)
.94 (.58–1.5)
.30 (.09–1.0)

2.1 (2.0–2.2)

Medicaid
No
Yes

referent
1.9 (1.6–2.3)

1.6 (1.6–1.7)

Alcohol
No
Yes

referent
1.0 (.57–1.8)

.80 (.66–.96)

Tobacco
No
Yes

referent
1.6 (1.4–1.9)

1.9 (1.8–2.0)

Maternal Education
Less than high school
High school diploma
Associates/Bachelors
Graduate/Professional

1.7 (1.4–2.1)
referent
.47 (.38–.59)
.37 (.25–.54)

1.0 (.99–1.1)

.74 (.69–.80)
.37 (.28–.50)
.70 (.60–.82)
.56 (.44–.69)

1.7 (1.6–1.8)
.45 (.43–.47)
.29 (.26–.32)
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Table 3.5—Continued
GDM – Yes
Odds ratio
(95% CI exp βa)

GDM – No
Odds ratio
(95% CI exp β)

Maternal BMI
Underweight
Healthy weight
Overweight/Obese

.64 (.32–1.3)
referent
1.0 (.87–1.3)

1.1 (1.0–1.2)

Prenatal Care
Inadequate
Intermediate
Adequate
Adequate-Plus

1.0 (.80–1.1)
referent
.84 (.60–1.2)
1.2 (.94–1.5)

2.0 (.97–3.0)

MDOT Region
Metro
Superior
North
Grand
Bay
Southwest
University

referent
1.3 (.85–2.1)
.64 (.41–.98)
1.1 (.85–1.4)
1.4 (1.1–1.8)
.85 (.67–1.1)
.85 (.67–1.1)

1.1 (1.0–1.2)

1.0 (.98–1.1)
1.2 (1.2–1.3)

.82 (.73–.92)
.55 (.51–.61)
.77 (.73–.81)
1.1 (1.1–1.2)
.78 (.71–.80)
.78 (.74–.82)

a

95% confidence interval of exponentiated beta. b5,338 cases GDM-Yes, 102,405 cases GDM-No. cFinal
logistic regression model including all variables shown above.

When the maternal residence of mothers with GDM who did not plan to breastfeed was
mapped (Figure 3.2), there were hotspots of mothers not planning to breastfeed dispersed
throughout the state. When the geographic pattern of these mothers was layered with the four
categories of GDM rate and occurrence described above (calculated in Chapter II of this
dissertation), there were areas of high GDM rate and GDM number in the Southwest Michigan
region overlapping with areas of >20% of GDM cases not breastfeeding (Figure 3.3).

53

Figure 3.2. Percent of births to mothers with gestational diabetes (GDM) that did not plan to
breastfeed, calculated per 500 square meter grid cell size, Michigan 2013.
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Not BF
Low # Low Rate
High # Low Rate
Low # High Rate
High # High Rate

Figure 3.3. Number and rate of births with gestational diabetes (GDM) overlaid with percent of
women not planning to breastfeed with GDM, Michigan 2013.
Discussion
When maternal demographic and delivery-related characteristics were considered with
respect to both GDM and breastfeeding status, there were differences by maternal race/ethnicity,
education level, income, and substance use that can be used to inform interventions to promote
breastfeeding by Michigan mothers. Among women with GDM, those over age 30 were at risk
of not breastfeeding compared to women in other age groups. Although Asian Indian women
were more likely to have GDM compared to women in other race/ethnicity categories, they were
also far more likely to breastfeed compared to women of other racial or ethnic categories,
regardless of GDM status. Non-Hispanic Black women were most likely to not plan to breastfeed

55
compared to other mothers, regardless of GDM status. Mothers with the lowest education level
(less than high school) were significantly more likely to not plan breastfeeding compared to
mothers with more education, and breastfeeding increased with education level, regardless of
GDM status. Mothers who used tobacco were more likely not to breastfeed regardless of GDM.
Among non-GDM mothers, alcohol use was associated with a reduced risk of not breastfeeding,
but there was no difference in the GDM group based on alcohol use.
Interestingly, two of the maternal demographic groups least likely to breastfeed (NonHispanic Black mothers and Medicaid-recipient mothers), were more likely to breastfeed when
diagnosed with GDM compared to Non-Hispanic Black mothers and Medicaid-recipients
without GDM. Possible explanations for this could be the increased exposure to prenatal care
and education that may accompany a diagnosis with GDM, compared to women without that
diagnosis. Previous researchers have noted that women receiving medical nutrition therapy from
a provider other than a physician (e.g., a dietitian) may be two to three times as likely to
breastfeed after GDM compared to women who do not receive medical nutrition therapy
(Finkelstein, 2013). This finding is consistent with the hypothesis that education received about
breastfeeding and improving birth outcomes after GDM may be reflected in breastfeeding
behavior as well. Increased contact with healthcare providers by women diagnosed with GDM
may explain the apparent increased awareness of breastfeeding as a positive health behavior;
however this study could not determine this. Further study is required to determine the etiology
of these differences by GDM status, because there was no difference by prenatal care adequacy
among GDM mothers in this study, controlling for other maternal demographic factors.
It has been well-established that breastfeeding provides benefits to both mothers and their
offspring, regardless of GDM status in pregnancy (Lessen & Kavanaugh, 2015; Martens et al.,
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2016) and the World Health Organization (WHO, 2017) recommends six months exclusive
breastfeeding to reduce rates of both infectious and chronic disease in infants. For women with
GDM in pregnancy, however, the specific benefits of breastfeeding address several of the
persistent risks to both women and their offspring that are present after GDM, including
glycemic control (O’Reilly et al., 2011), reduction in cardiovascular and obesity risks
(Gunderson et al., 2010), and reduced progression to T2DM (Martens et al., 2016; Trout et al.,
2011). These benefits justify the development of breastfeeding promotion efforts directed at
mothers with GDM, who may face unique challenges including low milk supply (Riddle &
Nommsen-Rivers, 2016; Salahudeen et al., 2013) and delayed lactogenesis II (Nommsen-Rivers
et al., 2012; Thompson et al., 2013). Prenatal medical nutrition therapy aimed at glycemic
control has been shown to reduce adverse birth outcomes macrosomia and Cesarean section
delivery (Martin, Grivelle, Yell, & Dodd, 2015), which may also improve breastfeeding
feasibility following delivery by reducing the amount of physical separation between mothers
and their infants due to need for medical intervention (Morrison et al., 2015; Finkelstein, 2013).
Programs aimed at Non-Hispanic Black mothers may also be justified, due to their increased
likelihood to not plan breastfeeding and to experience adverse outcomes after GDM (e.g.,
metabolic syndrome and T2DM) compared to women of other race/ethnicity groups (Wilson,
Dyer, Latendresse, Wong, & Bakshe, 2015).
Lessons learned through analyses conducted in this study include awareness that data
exploration including frequencies of each level of the variable should be conducted prior to using
birth records data for the breastfeeding variable in Michigan. This study’s analyses revealed
apparent variability in use of the categories “initiated” and “planned” by region of the state. To
avoid confusion due to regional or hospital-level differences, it may be appropriate to use the
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“not planned” level as an outcome variable in Michigan. Additionally, studying the mothers not
planning to breastfeed may be most useful for studies aimed at planning interventions to increase
breastfeeding.
Women living in areas of Michigan with high rates of GDM and high total numbers of
GDM (indicated by red hotspots on the Figure 3.3 map) may be appropriate targets of
interventions designed to provide both medical nutrition therapy on improving birth outcomes
after GDM and breastfeeding promotion efforts to these women, to reduce future morbidity of
mothers and their offspring. Additionally, mapping analysis using KDE techniques in this study
revealed some overlapping areas where mothers are in high-risk GDM hotspots and also have
high rates of not planning breastfeeding (Figure 3.3), particularly in one area of Southwest
Michigan (Kalamazoo County).
Interventions providing breastfeeding education that includes specific expectations for
breastfeeding experiences following GDM have been supported by previous studies finding that
providing education to mothers that allows them to anticipate delayed lactogenesis II may reduce
early introduction of supplementation (Finkelstein, 2013; Lessen & Kavanagh, 2015; Morrison et
al., 2015; Salahudeen et al., 2013). Breastfeeding support targeted to mothers with overweight or
obese BMIs is also supported by recent published research as a more effective tactic compared to
traditional intervention aimed at a general audience (Soltani & Fair, 2016). Mothers in these
areas would likely also benefit from postpartum breastfeeding support, based on evidence that
women with GDM are more likely to cease breastfeeding earlier than unaffected women and are
up to three and a half times more likely to use formula to supplement in the first two days
postpartum compared to women without GDM (Bider-Canfield et al., 2016; Oza-Frank et al.,
2016). Group prenatal care aimed at mothers with GDM may be a feasible method of delivery
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based on a recent research finding showing a four-fold (95% CI 1.8–8.6) increase in likelihood
of mothers to attend recommended postpartum glucose screenings when they received group
prenatal care as compared with traditional office visits (Mazzoni, Hill, Webster, Heinrichs, &
Hoffman, 2016).
Limitations of this study include reliance on retrospectively recorded birth records for
both GDM and breastfeeding data as well as maternal residence for GIS analyses. Additionally,
the design of the breastfeeding question asked on Michigan birth records, asking about intention
and action in a single question, has been criticized as potentially confusing for mothers and for
hospital staff completing the vital records forms (Chapman, Merewood, Armagh, & PerezEscamilla, 2009). Also, since only a snapshot of breastfeeding behavior is captured by the birth
records file, assessment of duration of breastfeeding and any differences by maternal sub-group
in reasons for not breastfeeding could not be assessed by this study.
The combined spatial and statistical analyses used in this study demonstrate a novel
method for using available birth records data to plan content and location of interventions to
promote breastfeeding after GDM on a state-wide level. Future work should explore application
of these techniques to a smaller area, such as a county—particularly a county with demonstrated
high GDM risk and low breastfeeding by those mothers. Additionally, the methods utilized in
this study could be easily adapted to other public health concerns and target populations by using
a different database of previously collected health records.
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CHAPTER IV
USING BIRTH RECORDS TO ASSESS INTERVENTIONS IN A COUNTY
WITH HIGH GESTATIONAL DIABETES RATES
Introduction
As discussed in Chapters I–III of this dissertation, the risks to health from a gestational
diabetes-complicated gestation for infants include hypoglycemia (Chertok et al., 2009; Yogev &
Visser, 2009), macrosomia (Aviram et al., 2016; Crume et al., 2012) and lifetime risks of
obesity, metabolic syndrome, cardiovascular disease (CVD) and Type II diabetes (T2DM)
(Gunderson et al., 2015; Much, Beyerlein, Rossbauer, Hummel, & Ziegler, 2014; Trout,
Averbuch, & Barowski, 2011). The analyses of 2013 Michigan birth records presented in
Chapters II and III of this dissertation have established Kalamazoo County, Michigan, as the
location of both large numbers of GDM births and a high GDM rate. This chapter aims to more
closely examine the population of women with GDM in Kalamazoo County, adding spatial
analysis through mapping of Maternal-Infant Health (MIH) program enrollment for Kalamazoo
County. The objective is to explore the reach of currently available programming for the purpose
of informing intervention planning in this high-GDM county.
One measure of prenatal care is the Kotelchuck prenatal care index, also called the
Adequacy of Prenatal Care Utilization (APNCU) Index (Kotelchuck, 1994). This index considers
not only the timing of prenatal care, using the month it was initiated from birth records, but also
compares the actual number of recorded visits with an expected number of prenatal visits
calculated from the care initiation date to the weeks of gestation at delivery (Kotelchuck, 1994).
The ratio of observed to expected care is then classified into one of four categories: inadequate,
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intermediate, adequate, and adequate-plus care (Kotelchuck, 1994). In a published report of all
singleton births to first-time mothers in the U.S. in the years 2009 through 2013, the majority of
births were classified as having adequate prenatal care (35%), followed by adequate-plus (33%),
inadequate (20%) and intermediate (12%). There was variability in the proportion of births by
category by race of the mother, however, with white mothers having a lower proportion of
pregnancies with inadequate care (12%) compared to the proportion among Black (24%),
Hispanic (21%), or American Indian/Asian Pacific (25%) mothers (Anderson, Spicer, & Peercy,
2016). A review of the available literature using the search terms Kotelchuck, APNCU or
prenatal care, and gestational diabetes over the years 1990-2017 was conducted in February
2017 in the Scopus™ database. This search returned several recently published reports of
associations between earlier prenatal care initiation and higher prenatal care adequacy with more
postpartum follow-up and better birth outcomes (Carter, Tuuli, Odibo, Macones, & Cahill, 2017;
Han et al., 2016; Schellinger et al., 2017) following GDM-complicated pregnancies.
Kalamazoo County was selected for study because births there reflect higher than state
average GDM rates in pregnancy and previous spatial analyses by this author have identified
Kalamazoo County as a hotspot of both high numbers of GDM-complicated births and a high
rate of GDM in comparison to total births (Michigan Department of Health and Human Services
(MDHHS), 2016). Additionally, Kalamazoo County is classified as an urbanized area by the U.S.
Census Bureau, a designation that describes the areas housing 68% of the U.S. population (U.S.
Census Bureau, 2010), making it representative of much of the nation.
An alternative source of prenatal education and support during pregnancy that is not
necessarily captured by prenatal care indices such as Kotelchuck are publicly-funded MaternalInfant Health (MIH) programs, including the Special Supplemental Nutrition Program for
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Women, Infants, and Children (WIC), Healthy Babies Healthy Start (HBHS), and the NurseFamily Partnership program (NFP) (MDHHS, 2016; Thorn et al., 2015). In Kalamazoo County,
Michigan, these three programs are administered and staffed by the Kalamazoo County Health
and Community Services Department (KCHCS) and have, as program goals, the reduction of
maternal and infant morbidity and promotion of breastfeeding (KCHCS, 2016).
The Supplemental Nutrition Program for Women, Infants, and Children (WIC) is the
largest MIH program currently operating in Kalamazoo County, and an existing, statewide MIH
program with the potential to address breastfeeding by women with GDM in all counties in
Michigan. WIC is a federally funded, state-administered food assistance program for pregnant
women and their children through age 5 (Thorn et al., 2015). No study to date has assessed the
enrollment of women with GDM by the Michigan WIC program.
Despite persistently rising rates of GDM nationwide (Noctor & Dunne, 2015), the
previously mentioned benefits of breastfeeding after GDM, and evidence that early diagnosis and
prenatal care can improve outcomes among mothers with GDM (Martin, Grivelle, Yell & Dodd,
2015; Schellinger et al., 2017; Shi et al., 2016), Michigan does not currently have a MIH
program dedicated to addressing GDM specifically. The Kalamazoo County MIH programs,
including WIC, do not specifically target women with GDM and it is not known how
comprehensively they enroll this group of high-risk women. Also unknown is the association of
GDM status with breastfeeding behavior in this high-GDM county. The reasons for the spatial
variation in GDM rates in Michigan previously identified in this dissertation are not wellunderstood; therefore, factors such as maternal age, education, race/ethnicity, and prenatal care
adequacy as well as differences in rate between the Kalamazoo county delivery hospitals will be
explored in this study. Previous work has established that birth outcomes, maternal glucose
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control, and breastfeeding success after GDM may be worse for black mothers compared to
whites (Ferrara, 2007; Nguyen et al., 2012; Xiang et al., 2011) and for low-income women
compared to mothers with more financial resources (Lessen & Kavanagh, 2015; Ryan & Zhou,
2006). Additionally, both black women and WIC recipients are disproportionately overrepresented among overweight women with GDM (Ryan & Zhou, 2006), making understanding
effective targeting and intervention methods for GDM in these subgroups of mothers an
important goal. This study aims to demonstrate methods of GIS analyses of available birth
records data to examine the rates of GDM in pregnancy, factors associated with GDM,
breastfeeding by GDM status, as well as current MIH program enrollment in a Michigan county
with high GDM rates.
Methods
Design
This study used a retrospective design to analyze birth records from 12,068 singleton live
births from Kalamazoo County residents in the period 2010–2013. Additionally, the 3,070 births
from 2013 were matched to enrollment records from the three county-wide MIH programs (WIC,
HBHS, and NFP) for the same year. Of 3,070 Kalamazoo County births from 2013, 3,032 out of
3,070 were successfully matched to the county roads file and geocoded for mapping analyses.
Birth and program data were obtained through a data sharing agreement between the Health Data
Research, Analysis and Mapping Center (HDReAM) at Western Michigan University (WMU)
and Kalamazoo County Health and Community Services (KCHCS). The work was approved
through the Human Subjects Institutional Review Board of Western Michigan University.
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Measures
For this study, gestational diabetes status was determined by the response recorded in the
birth record. MIH program participation status (yes (y) vs. no (n)) during the year 2013 was
obtained from Kalamazoo County program files from the Healthy Babies Healthy Start, WIC,
and Nurse-Family Partnership programs.
Additional variables from the Michigan birth record were examined by descriptive
analyses and logistic regression to explore the risks of GDM in Kalamazoo County. Variables
used as they were recorded in the birth record file were: tobacco use (y/n), alcohol use (y/n),
delivery type (Cesarean section y/n), prenatal care adequacy by Kotelchuck index (inadequate =
< 80% of expected visits, or inadequate and intermediate Kotelchuck index categories) or
adequate (>80% of expected visits, or adequate and adequate-plus Kotelchuck index categories),
NICU admission (y/n), and Medicaid-paid birth (y/n). Other variables were categorized based on
data available from variables in the birth record that were either continuous or divided into a
different number or type of categories. These included: maternal age (20 and below, 21–34, 35
and above), race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Asian Indian,
other Asian, and other race), maternal education (less than high school, high school diploma or
equivalent, Associate or Bachelor’s degree, and Graduate or Professional degree), maternal BMI
(underweight BMI <18.5, healthy weight BMI 18.5–24.9, overweight/obese BMI 25 and above),
infant birthweight (low birthweight <2500 grams, normal birthweight, macrosomia (birthweight
>4000 grams)).
Analyses
To further explore the incidence of GDM in Kalamazoo County compared to the state of
Michigan over recent years, individual-level Kalamazoo County birth records from the period
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2010–2013 were compared with state-level publicly-available GDM data from the Michigan
Department of Health and Human Services over the same year. Next, a GIS database was created
that included variables for MIH program participation (any program), type of delivery hospital
(NICU or no NICU) and GDM in pregnancy. This database was then joined by a common
identifier field with the previously geocoded births file (by maternal residence) for all live,
singleton, Kalamazoo County births the same year. This geocoded file was joined spatially in
ArcGIS v.10.3.1 to a census tracts grid for the county, and key variables were aggregated by
census tract to protect confidentiality of participants and allow for the clearest visualization of
risk at the county-level scale.
Geographic Information Systems (GIS) techniques have been described as an underutilized resource in maternal health, with knowledge gaps in the area of matching resources with
need in low-income communities and informing policy (Makanga, Schuurman, von Dadelszen,
& Firoz, 2016). GIS has not been extensively used in published literature to evaluate countylevel MIH programs; instead, these reviews are often conducted using quasi-experimental
comparisons of program outcomes in which detailed epidemiologic analyses of demographics
paired with outcomes of program participants are compared with qualitative data from interviews
or focus groups with program participants (Kothari, Zelinski, James, Charoth, de Carmen
Sweezy, 2014; Matone et al., 2013).
SPSS v.22 was used to conduct a combination of descriptive statistical tests and
proportions with 95% confidence intervals for county-wide GDM prevalence in 2013 and
breastfeeding by these women. From these analyses, a logistic regression model was used to
control for the effects of potentially confounding variables, such as maternal age and education
level, on GDM risk in the county. MIH enrollment was also included in the final model.
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Additionally, using ArcGIS 10.3.1, choropleth maps of the percent of women with GDM and the
number of cases of GDM were created to show distribution of GDM by rate as well as number of
individuals affected by area of the county for intervention planning. To these maps, a layer
containing MIH enrollment as a percent of all births per census tract was added, with tract at or
above the county rate of 40% MIH enrollment indicated by hashed lines. Finally, maps of the
location of women with GDM were created, separated by prenatal care level as either inadequate
or adequate, were created and displayed with and without the MIH enrollment layer to further
assess locations in the county for potential placement of MIH programs.
Results
The percent of singleton births to women with gestational diabetes for Kalamazoo
County, at 16% (n = 1931), was more than triple that for the state of Michigan, at 5% (n =
23,164), for the period 2010–2013 and the GDM rate in each of the years individually was at
least double the rate for the state as a whole, indicating that the 2013 GDM rate of 14% in
Kalamazoo was not an anomaly (MDHHS, 2016). By maternal demographic characteristics
(Table 4.1), the proportion of births complicated by GDM in Kalamazoo County mirrored the
pattern of the state of Michigan for maternal age (with increasing likelihood of GDM as age at
delivery increased) and maternal education level (with increasing risk with more education).
Two differences in the county compared to the state average were in the relationship of Medicaid
status with GDM risk and differences in GDM risk in some racial and ethnic categories.
In Kalamazoo County, women on Medicaid were less likely to have a GDM diagnosis
(9%, 95% CI .08–.11) compared with women not enrolled in Medicaid (16%, 95% CI .14–.17).
By race and ethnicity, in both the state and Kalamazoo County, GDM rates among Non-Hispanic
Black mothers were lower compared to whites. Asian Indian mothers had the highest GDM rates
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in the county (25%, 95% CI 11–46). Non-Hispanic White mothers in Kalamazoo County (15%,
95% CI 14–17) had a GDM rate three times the rate for Non-Hispanic White mothers statewide
(5%, 95% CI 5–5). Among Hispanic mothers, the overall GDM rate in Kalamazoo County (10%,
95% 6–14) was double that of the state (5%, 95% CI 5–6) although confidence intervals for these
proportions overlapped. Asian Indian mothers had the highest GDM rates both statewide (14%,
95% CI 12–16) and within Kalamazoo County (25%, 95% CI 11–46). See Table 4.1 for
complete maternal demographic category proportions compared between the state and
Kalamazoo County.
There was a difference in the distribution of births in the highest and lowest categories of
prenatal care adequacy in the state compared with Kalamazoo County. Kalamazoo County
mothers were much more likely to receive adequate-plus, the highest level, prenatal care
compared to all mothers in the state. In Kalamazoo, 54% (n = 1,671) of mothers were recorded to
have adequate-plus care compared to 38% (n = 38,861) of mothers statewide. In the state, 14%
(n = 14,581) of births were to mothers with inadequate prenatal care (Kotelchuck index), while
the proportion of mothers in that care group in Kalamazoo County was 23% (n = 701) of births
the same year.
The proportion (with 95% confidence intervals) of GDM births in each of the other
maternal health and delivery category (Table 4.2) followed the same pattern as for the state in
2013, with overweight women and women who report alcohol use during pregnancy at increased
likelihood of GDM-complicated gestation. In each maternal health characteristic category,
however, Kalamazoo County had a higher GDM rate compared to the state, reflecting the overall
higher GDM rate for Kalamazoo County (14%) compared to the state average for the same year
(5%).
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Table 4.1
Proportion (with 95% Confidence Intervals) of Mothers by Selected Maternal Demographic
Characteristics and Gestational Diabetes (GDM) Status, 2013

Births (N)

State of Michigan
n (% N)
GDM
% (95%CIa)
107,743
5,336

Kalamazoo County
n (% N)
GDM
% (95% CI)
3,070
400

Maternal age
20 or under
21–30
31 or above

7,652 (7)
65,215 (61)
34,876 (32)

2 (.02–.02)
4 (.04–.04)
8 (.07–.08)

210 (7)
1,863 (61)
997 (32)

3 (.01–.06)
11 (.10–.13)
18 (.16–.21)

Maternal Race/Ethnicity
Non-Hispanic Black
Non-Hispanic White
Hispanic
Asian Indian
Other Asian
Other Race/Multiple

20,472 (19)
73,832 (69)
7,431 (7)
1,400 (1)
2,231 (2)
887 (1)

4 (.03–.04)
5 (.05–.05)
5 (.05–.06)
14 (.12–.16)
8 (.07–.09)
5 (.04–.06)

536 (17)
2,163 (71)
183 (6)
20 (0.7)
48 (2)
10 (0.3)

7 (.05–.09)
15 (.14–.17)
10 (.06–.15)
25 (.11–.46)
13 (.06–.24)
0%

Medicaid
Yes
No

47,427 (44)
60,316 (56)

5 (.05–.05)
5 (.05–.05)

1,266 (41)
1,804 (59)

9 (.08–.11)
16 (.14–.17)

Maternal Education
Less than high school
High school diploma
Associate/Bachelor degree
Graduate/Professional degree

14,376 (13)
54,782 (51)
27,666 (26)
10,377 (10)

4 (.03–.04)
5 (.05–.05)
5 (.05–.06)
6 (.05–.06)

361 (12)
1,442 (37)
878 (29)
389 (13)

6 (.04–.08)
13 (.11–.15)
14 (.12–.17)
18 (.14–.22)

a

95% confidence interval of the proportions.
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Table 4.2
Proportion (with 95% Confidence Intervals) of Mothers by Selected Maternal Health and
Delivery Characteristics and Gestational Diabetes (GDM) Status, 2013

Births (N)
Maternal BMI
Underweight
Normal
Overweight/Obese
Tobacco
Yes
No
Alcohol
Yes
No

State of Michigan
n (%)
GDM
% (95%CIa)
107,743
5,336

Kalamazoo County
n (% N)
GDM
% (95% CI)
3,070
400

3,630 (3)
45,264 (42)
53,763 (50)

2 (.02–.03)
3 (.03–.03)
7 (.07–.07)

175 (6)
1,173 (38)
1,717 (56)

5 (.02–.09)
9 (.07–.10)
17 (.15–.19)

23,723 (22)
83,753 (78)

5 (.05–.05)
5 (.05–.05)

780 (25)
2,290 (75)

13 (.11–.16)
13 (.12–.14)

932 (1)
106,765 (99)

11 (.09–.13)
5 (.05–.05)

264 (9)
2,804 (91)

17 (.13–.22)
13 (.11–.14)

Delivery
Cesarean section
33,049 (31)
7 (.07–.07)
921 (30)
19 (.16–.21)
Vaginal
74,694 (69)
4 (.04–.04)
2,149 (70)
11 (.09–.12)
Infant birthweight
LBWb (<2500 g)
6,790 (6)
5 (.05–.06)
167 (5)
13 (.08–.18)
Normal
90,862 (85)
5 (.05–.05)
3,596 (85)
13 (.12–.15)
Macrosomic (>4000 g) 10,045 (9)
6 (.06–.07)
307 (10)
11 (.08–.15)
NICU admission
Yes
6,469 (6)
8 (.07–.09)
301 (10)
17 (.13–.21)
No
101,196 (94)
5 (.05–.05)
2,769 (90)
13 (.11–.14)
b
Prenatal care
Inadequate
14,581 (14)
5 (.05–.05)
701 (23)
20 (.17–.23)
Intermediate
9,891 (10)
3 (.03–.03)
352 (12)
5 (.03–.08)
Adequate
39,348 (38)
4 (.03–.04)
337 (11)
3 (.01–.05)
Adequate-Plus
38,861 (38)
7 (.07–.07)
1,651 (54)
14 (.12–.16)
Delivery Hospitalc
No NICU
824 (27)
6 (.05–.08)
Yes NICU
2,143 (70)
16 (.15–.18)
d
MIH Program
None
1,674 (55)
17 (.15–.18)
WIC
1,353 (44)
9 (.08–.11)
NFP or HBHS
42 (1)
0 (0–.08)
a
b
c
95% confidence interval of the proportions. 29 cases missing prenatal care adequacy. Table does not
include 103 births to Kalamazoo County residents that occurred at hospitals outside of Kalamazoo
County. d1 missing case for MIH program enrollment; NFP and HBHS combined due to small numbers
and similar program goals.

73
Within Kalamazoo County, GDM rates at the two delivery hospitals were compared; the
higher acuity hospital, with a Level III NICU and Maternal-Fetal Medicine program for high-risk
pregnancies, had a higher GDM rate (16%) compared to the lower acuity delivery hospital (6%)
that contains a well-baby nursery. Similar differences in GDM rate by hospital size and acuity
level (with higher GDM rates at larger hospitals with a NICU compared to smaller hospitals with
no NICU) were noted across the state of Michigan (results not shown).
MIH program enrollment was also examined for Kalamazoo County, overall and with
respect to GDM status. Of all mothers enrolled in one of the three county-wide MIH programs,
WIC enrolled the greatest proportion (39%) of total births, while NFP and HBHS combined
enrolled just 1% of all county births. HBHS purposefully limits enrollment to three zip codes
within the Kalamazoo city limits, based on the presence of lower-income populations there. MIH
programs enrolled 30% (n = 121) of all GDM births in Kalamazoo County and all of these were
enrolled by the WIC program. Among non-MIH-enrolled mothers, the GDM rate for Kalamazoo
County was 17%; however, among those women enrolled in the WIC program the GDM rate
was just 9%. See Tables 4.1 and 4.2 for complete results of proportions with 95% confidence
intervals for mothers in Kalamazoo County compared to the state of Michigan.
To explore the spatial distribution of GDM births for Kalamazoo County, ArcGIS 10.3.1
was used to create several maps of 2013 births. Figure 4.1(a) shows the GDM rate (percent of
GDM births per total births), aggregated to census tract for the county. The GDM rate varied
from 0% to over 20% per census tract, with contiguous tracts of the highest GDM rate located in
a north-south line of census tracts east of the downtown Kalamazoo city area (located directly in
the center of the map in the cluster of smallest census tract divisions). The larger-sized census
tracts reflect their more rural and less populated nature. One rural tract at the southwest corner of
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the county also contained the highest GDM rate. Contiguous areas of the lowest GDM rates in
the county were located in the urban tracts around downtown Kalamazoo, particularly in the
northern and eastern sides of the city. Figure 4.1(b) shows the number of cases of GDM per
census tract, for the purpose of informing intervention planning. Again, the smaller-sized tracts
in the urban area at the center of the map appear white, with zero to four GDM cases per tract,
while, despite being less densely populated, the larger, more rural tracts east and west of the city
contained 14–19 cases per census tract.

(a)

(b)

Figure 4.1. (a) Percent of all births with gestational diabetes (GDM); (b) Cases of GDM births
per census tract, Kalamazoo County, 2013.
Figure 4.2(a) shows the GDM birth rate per tract (also shown in Figure 4.1(a)) but adds
hashed lines to each census tract where 40% or more of total births were enrolled in one of the
three county MIH programs the same year. Of the seven census tracts with a GDM rate above
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20%, four of these did not enroll at least 40% of mothers in one of the MIH programs. Low
program coverage in these high-GDM tracts indicate areas where interventions to target mothers
with GDM may be needed. Figure 4.2(b) shows the GDM cases per tract (also shown in Figure
4.1(b)) but again adds the hashed lines to the tracts with 40% or more of all births enrolled in an
MIH program that year. Four of the six census tracts with among the highest number of cases of
GDM were not the site of at least 40% of births having MIH program coverage. Two tracts were
part of the highest category for both GDM cases and rate; of these, one tract had MIH coverage >
40% while the other did not.

(a)

(b)

Figure 4.2. (a) Percent of all births with GDM; (b) Cases of GDM births per census tract with
MIH program enrollment 40% of all births per tract overlaid as hashed lines,
Kalamazoo County, 2013.
Next, a logistic regression model for the outcome variable GDM diagnosis was created to
examine GDM risk in Kalamazoo County controlling for the influence of the maternal variables.
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The model identified several maternal groups as having greatest risk of GDM, including mothers
age 31 and above compared to those age 21–30, non-Medicaid births compared to Medicaidpaid, women with a BMI indicating overweight or obesity compared to a normal BMI, and
mothers with the inadequate or adequate-plus prenatal care compared to the intermediate care
level. Tobacco or alcohol use, maternal education, breastfeeding, and MIH enrollment were not
significantly associated with GDM risk in this analysis. For prenatal care adequacy, however,
there was a significant difference from the referent, intermediate care (n = 352), at every other
level. The highest level of prenatal care, adequate-plus, was associated most strongly with a
GDM diagnosis (Odds Ratio (OR) 4.8, 95% CI 2.8–8.2), followed by the lowest level of prenatal
care, inadequate-plus (OR 3.0, 95% CI 1.8–5.0). The mid-level of prenatal care, adequate, was
weakly associated with a reduced chance of GDM diagnosis compared to intermediate level of
care. See Table 4.3 for complete results of the final logistic regression model for GDM in
Kalamazoo.
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Table 4.3
Factors Associated with GDM Diagnosis in Kalamazoo County Mothers, 2013a
Odds ratio
(95% CI exp β*)

a

p-value

Maternal Age
Age 20 or less
Age 21–30
Age 31 or more

.33 (.14–.78)
referent
1.6 (1.3–2.0)

Maternal Race/Ethnicity
Non-Hispanic Black
Hispanic
Non-Hispanic White
Asian Indian
Other Asian
Other Race

.47 (.32–.69)
.74 (.43–1.2)
referent
1.9 (.67–5.7)
1.1 (.45–2.8)
.14 (.02–1.1)

Medicaid
No
Yes

referent
.60 (.45–.81)

.001

Alcohol
No
Yes

referent
1.4 (.96–2.0)

.078

Tobacco
No
Yes

referent
1.1 (.85–1.5)

.423

Maternal Education
Less than high school
High school diploma
Associates/Bachelors
Graduate/Professional

referent
1.6 (.94–2.7)
1.2 (.70–2.2)
2.5 (.70–2.8)

.082
.455
.190

Maternal BMI
Underweight
Healthy Weight
Overweight/Obese

1.0 (.45–2.2)
referent
2.2 (1.7–2.8)

Prenatal Care
Inadequate
Intermediate
Adequate
Adequate-Plus

3.0 (1.8–5.0)
referent
.42 (.18–.96)
4.8 (2.8–8.2)

MIH Enrollment
No program
Yes – WIC
Yes – HBHS/NFP

referent
1.1 (.67–1.7)
0.0 (0.0–0.0)

All variables shown were included in final model.

.012
<.001
<.001
.252
.220
.805
.815

.979
<.001
<.001
.041
<.001

.806
.998
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Figures 4.3(a) and 4.3(b) show cases of GDM births per census tract with inadequate
(defined as fewer than 80% of expected visits) and adequate (80% or more of expected visits),
respectively. The six tracts with more than six cases (the top two categories) of inadequate care
are located in the more rural areas outside Kalamazoo city; a similar pattern is seen among GDM
cases with adequate care, with 10 of the 20 tracts containing more than six of these births located
outside the most urban area of the county. Figures 4.4(a) and 4.4(b) add the overlaid MIH
programs to the Figure 4.3 maps. Of the seven tracts with more than six cases of inadequate care
to women with GDM, three (42%) were well-covered by MIH programs overall (Figure 4.4(a)).
Coverage of MIH programs was better for mothers with adequate prenatal care, with more than
40% of all births enrolled in MIH programs in 11 of the 20 (55%) tracts with more than six
GDM births to mothers with adequate care (Figure 4.4(b)).

(a)

(b)

Figure 4.3.(a) Cases of GDM with inadequate care; (b) Cases of GDM with adequate care, per
census tract Kalamazoo County, 2013.
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(a)

(b)

Figure 4.4. (a) Cases of gestational diabetes (GDM) with inadequate care and MIH enrollment
40% of all births per tract overlaid as hashed lines; (b) Cases of GDM with adequate
care and MIH program enrollment 40% of all births per tract overlaid as hashed
lines, Kalamazoo County, 2013.
Discussion
A greater proportion of Kalamazoo County mothers received both the highest level and
lowest level of prenatal care in 2013 compared to the state average for these categories for the
same year and the U.S. average for the period 2009–2013 (Anderson et al., 2016). In both the
state and Kalamazoo County, the same relationship between prenatal care adequacy and GDM
diagnosis was observed—mothers at either extreme of the prenatal care spectrum had an
increased likelihood of a GDM diagnosis. Mapping analyses confirmed these findings,
identifying census tracts with the highest overall GDM rates in the western and eastern rural
parts of Kalamazoo County that were also sites of high GDM among mothers with the highest
and lowest levels of prenatal care. Areas with the largest number of cases per tract having
inadequate care (<80% of expected visits) were located in four census tracts along the northeast
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and west borders of the county and were areas that also had some of the highest overall GDM
rates. Three of these four census tracts did not contain at least the county average of 40% of all
births enrolled in a MIH program. This could be due to income; several of the same tracts are
among the highest in income by census tract in the county (data not shown) and all of the county
MIH programs at the current time are provided to income-limited individuals. Another possible
factor is that mothers with GDM may have additional prenatal visits scheduled as a result of the
diagnosis, making it more likely for them to be classified in a higher prenatal care adequacy
category.
MIH program enrollment was clustered in the downtown Kalamazoo areas in census
tracts with some of the lowest GDM rates. These MIH programs were developed to improve
infant health outcomes, specifically to reduce preterm and low birthweight births and infant
mortality, and to enroll high-risk, low-income women. The three county-wide MIH programs
traditionally have catered to a population that is made up of more non-white, younger, and
lower-income than the county as a whole (MDHHS, 2016). While this may make sense for
targeting low birth weight infants and infant mortality, for GDM the picture of risk is different.
Results presented in this paper show that, in Kalamazoo County, mothers are at increased risk of
GDM when they are white, above age 31, and not receiving Medicaid compared to their
counterparts in race, age, and Medicaid-status respectively. Prenatal care adequacy (inadequate
care and missed diagnoses) may account for some of the results showing lower GDM rates
among MIH program participants in the county in areas with more inadequate care.
Prenatal care appears to play a role; Kalamazoo County mothers with the highest and
lowest levels of care were diagnosed with GDM proportionally more often than other women.
Kalamazoo County mothers were more likely to belong to either extreme of prenatal care
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adequacy groups compared to the state and nation as a whole over the same time periods. When
bivariate analyses were used to look at prenatal care adequacy by GDM status, the pattern of
distribution of births into the prenatal care categories was approximately the same regardless of
GDM status, in both Kalamazoo County alone and the state as a whole (results not shown). In
Kalamazoo County, however, there was a greater proportion of GDM mothers in the adequateplus and inadequate categories compared to non-GDM; proportions were higher in the mid-level
care categories among non-GDM mothers. Among mothers with GDM, 57% were classified as
having adequate-plus care and 35% had inadequate care; taken together, the majority of GDM
cases (92%) fell into one of the extremes of prenatal care adequacy groups. Potential
explanations for the higher number of GDM-diagnosed mothers among high and low-care
individuals likely vary by prenatal care category. Mothers with the highest level of prenatal care
could have more opportunities for diagnosis of GDM, leading to higher diagnosis rates, or more
prenatal visits scheduled following diagnosis, increasing their care adequacy level. Alternately,
mothers with inadequate prenatal care (based in large part on timing of initial care and ratio of
observed to expected prenatal visits) may receive the basic GDM diagnosis but not the early
pregnancy care and education that has been linked with optimal pregnancy weight gain rate or
amount and better glycemic control (Carter et al., 2017; Schellinger et al., 2017), possibly
preventing the progression of hyperglycemia to GDM in some of these mothers. Mothers with
inadequate prenatal care in Kalamazoo exhibited a striking 20% GDM rate—much higher than
the 5% rate among mothers with inadequate care statewide. At the opposite end of the spectrum
of prenatal care, Kalamazoo County mothers were more likely to receive the highest level of care
compared to mothers statewide and, among these high-care mothers, GDM rates were double, at
14%, that of adequate-plus care mothers statewide (7%). Future, prospective, studies will be
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necessary to explore these questions and better understand the relationship that may be mediating
or confounding GDM diagnosis rate by level of prenatal care in the county. One previous
longitudinal study of Michigan mothers has linked women with psychosocial risk such as
substance use and psychiatric diagnoses as more likely to have inadequate prenatal care (Krans,
Davis, & Palladino, 2013), but GDM rates were not examined alongside prenatal care adequacy.
Another study has linked obese women with higher levels of prenatal care based on the
Kotelchuck index (Zozzaro-Smith et al., 2016). Further studies would be required to tease apart
the potential interactions between maternal BMI, prenatal care, and GDM diagnosis.
Strengths of this study are that it used a complete sample of births in a county to
demonstrate GIS analyses of both resources and rates of a maternal-infant health outcome in
supporting these recommendations. Limitations include the reliance on birth records data
collected by a variety of individuals with no protocol standardized across the county or state.
Additionally, the length of time and gestational weeks when women were enrolled in the MIH
programs were not assessed for these analyses and may alter conclusions about the potential
usefulness of these programs.
These results indicate a potential need for a program dedicated to serving Kalamazoo
County women with GDM, regardless of income level. Recently published reports have noted
the positive effect of early, comprehensive prenatal care on birth outcomes and maternal
glycemic control following GDM (Carter et al., 2017; Schellinger et al., 2017). Additionally,
mapping results presented here agree with previous studies that point to worse health outcomes
in rural areas compared with more urban locations; however, previous studies did not examine
program coverage along with health outcomes (Weinhold & Gurtner, 2014; Williams, Jeanetta,
O’Brien, & Fresen, 2015). This study suggests that existing MIH programs begin to explore
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using GDM as an additional indicator of risk and to emphasize early breastfeeding education to
this population group. Further study, using a prospective design, would be required to address
questions of the etiology of higher GDM rates among women with adequate-plus or inadequate
prenatal care and the effectiveness of specific MIH programs among sub-groups of women with
GDM. Further analysis with a larger geographic area, such as the state of Michigan, is required
to determine the relationship between prenatal care adequacy, MIH program participation, and
GDM diagnosis rate as well as associations between these factors and breastfeeding behavior
after GDM.
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CHAPTER V
DISCUSSION
This dissertation demonstrated a method of retrospective review of vital birth records
incorporating spatial analyses with the major objectives of understanding risk factors associated
with gestational diabetes (GDM) in Michigan and factors associated with breastfeeding behavior
by women with GDM. Additionally, this work included a modification of the state-level spatial
statistical methods to allow of a county-level analysis of GDM risk and breastfeeding behavior in
a Michigan county with high GDM rates. The county-level analyses included data from countywide maternal-infant health (MIH) programs to assess current program coverage of women with
GDM and evaluate the potential for additional programming in Kalamazoo County. Throughout
this dissertation, maps assisted in visualization of differences in maternal demographic and
health profiles by area of the state and county. Spatial analyses provide added value over strictly
statistical examination of maternal-infant health risk and may represent a cost-effective means
for local and state-level MIH program administrators to use available vital records data to assess
program adequacy and pinpoint locations in need of additional services.
GDM Risk Findings for Michigan
Analyses of statewide GDM rates by geographic region and maternal characteristics
revealed both expected variation by maternal characteristics previously associated with GDM
risk (e.g., race/ethnicity Asian and Asian Indian, maternal age >31 years and maternal obesity
associated with higher risk) and unexpected variation in region of the state (Southwest) and
based on maternal characteristics (non-Medicaid births, alcohol use) not previously associated
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with increased risk for GDM. Novel findings included the associations between having either the
lowest or highest levels of prenatal care based on the Kotelchuck index and elevated risk of
GDM diagnosis. One previous longitudinal study of Michigan mothers has linked women with
psychosocial risk such as substance use and psychiatric diagnoses as more likely to have
inadequate prenatal care (Krans et al., 2013), suggesting that conditions other than medical (e.g.
psychological conditions, abuse, trauma, etc.) may influence prenatal care adequacy among
mothers with GDM in Michigan as well. Another study has linked obese women with higher
levels of prenatal care based on the Kotelchuck index (Zozzaro-Smith et al., 2016). Further
studies would be required to tease apart the potential interactions between maternal BMI,
prenatal care, and GDM diagnosis. Another novel finding was that Non-Hispanic Black mothers
had the lowest risk of GDM compared to mothers of other race/ethnicity groups. Finally, based
on mapping of births by risk factors, the geographic hotspot of high GDM rates as well as high
numbers of GDM births in the Southwest Michigan MDOT region is not explained by any
obvious differences in known GDM risk factors prenatal care adequacy, maternal BMI, age, or
race by area of the state.
Relationship Between Breastfeeding and GDM in Michigan
Chapter III of this dissertation expanded the exploration of GDM in Michigan mothers to
include their breastfeeding behavior by GDM status, geographic region, and maternal
characteristics. Among Michigan mothers with GDM, factors associated with not planning to
breastfeed included Non-Hispanic Black race, Medicaid-paid delivery, lower maternal age and
lower maternal education level. Interestingly, although GDM risk was elevated in Asian Indian
mothers, these mothers were also most likely to breastfeed, whereas the Non-Hispanic Black
mothers were least likely to have GDM but also least likely to breastfeed when they did have it.
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Variations in breastfeeding were present across the state and did not seem to differ based on
GDM status of the mother. Surprisingly, mothers with the highest level of prenatal care were the
most likely to not breastfeed, regardless of GDM status. Previous work has noted that mothers
with high medical risk or both high medical and psychosocial risks are more likely to receive
adequate prenatal care compared to low-risk women or women with psychosocial risk factors
only (Krans, Davis, & Palladino, 2013). There could be outside factors related to high medical
risk that discouraged breastfeeding among the mothers with the highest level of prenatal care;
further study is needed to test this hypothesis. In the Southwest Michigan area that is a hotspot
for GDM births and GDM rate, there were some overlapping areas of high density of births
having the highest rates of not breastfeeding, suggesting that mothers in the Southwest region
would likely benefit from targeted GDM interventions that include breastfeeding education and
support.
Use of Birth Records to Study GDM, Breastfeeding and MIH Program Use
in a High-GDM Michigan County
Chapter IV focused on a county within the Southwest region of Michigan, Kalamazoo
County. For this county, GDM rates were explored by maternal characteristic and geographic
location as in Chapter II. These analyses revealed a similar GDM risk profile for mothers in
Kalamazoo County and the state of Michigan, although rates were elevated in Kalamazoo
County in all maternal risk categories. One difference was in Medicaid-paid deliveries; while
there was no difference by Medicaid status in the state, in Kalamazoo County mothers with
Medicaid-paid deliveries were less likely to receive a GDM diagnosis compared with nonMedicaid births. Another difference in Kalamazoo County compared to the state was in
distribution of births by prenatal care category. Kalamazoo County mothers overall were more
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likely to receive the highest level of prenatal care compared to all mothers in the state, regardless
of GDM status (54% in Kalamazoo versus 38% statewide). The proportion of mothers with the
highest prenatal care who also had a GDM diagnosis in Kalamazoo was double, at 14%, the
proportion of mothers with the highest level of care and GDM for the state (7%). Additionally,
the highest odds ratio for risk of GDM in Kalamazoo, when controlling for maternal
demographic and health factors including MIH enrollment, was among women with adequateplus prenatal care (4.8, 95% CI 2.8-8.2). The next highest risk by prenatal care group was among
women with inadequate prenatal care, with a three-fold increase (3.0, 95% CI 1.8-5.0) compared
to mothers with the intermediate level of care. The GDM rate among mothers with inadequate
prenatal care, at 20%, was four times the rate among mothers with inadequate care statewide
(5%) and mothers with inadequate care made up a greater proportion of all births (23%) in
Kalamazoo County compared to the state (14%). To examine interventions not evaluated in
prenatal care adequacy measures and to begin to explore possible intervention delivery
strategies, participation in the three MIH programs were also assessed to understand the
population being served in Kalamazoo County. Existing programs enrolled 30% of the GDM
cases in the county, all within the WIC program. Of mothers with GDM in the county in 2013,
however, mothers not enrolled in WIC were more likely to breastfeed compared to those enrolled
in the MIH program. MIH programs targeted to address the unique breastfeeding challenges of
mothers with GDM, and programs aimed at mothers with the race/ethnicity and income-level
group at greatest risk of GDM in Kalamazoo County, should be explored to facilitate planning
content and geographic location for such a program.
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Implications for Policy and Practice
Understanding GDM and Intervention Planning
Rates of GDM within Kalamazoo County have been higher compared to the state average
over the past several years of available data (Michigan Department of Health and Human
Services (MDHHS), 2016). This dissertation has explored GDM risk at the state level to identify
high-risk groups of women for the purpose of informing public health interventions. These
studies found the greatest risk of GDM in women with above-normal BMI, mothers age 31 and
above, and mothers of Asian-Indian or Other Asian racial background. There was no difference
in risk of GDM at the state level based on Medicaid enrollment. However, in Kalamazoo County,
mothers with Medicaid-paid births were at reduced risk of GDM diagnosis compared to mothers
with non-Medicaid births. Although Asian Indian and Other Asian race mothers in Kalamazoo
did show odds ratios above one for GDM risk, these factors were not significant when
controlling for other factors at the county level. Rates of GDM were elevated in Kalamazoo
County compared to the state in almost all maternal subgroups analysed; however, the magnitude
of the increase from state levels differed by category of the variable. For example, while rates of
GDM among Hispanic women doubled from the state-level of 5% to the Kalamazoo County
level of 10%, the GDM rate among Non-Hispanic White mothers tripled from a state-level of 5%
to a Kalamazoo County level of 15%.
Prenatal care adequacy was associated with increased risk across the state for women
with both the lowest and highest levels of care based on the Kotelchuck index. This pattern was
repeated in Kalamazoo County to an even greater degree of magnitude, and women with the
highest and lowest levels of care made up a larger proportion of the total births in Kalamazoo
versus statewide. While women with the highest level of care, adequate-plus, were 1.5 times
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(95% CI 1.4-1.7) more likely to be diagnosed with GDM compared to those with intermediate
care across the state, this risk was more elevated within Kalamazoo County, where mothers with
adequate-plus care were diagnosed with GDM almost five times as often (4.8, 95% CI 2.8-8.2)
as women with the intermediate level of care. Similarly, mothers with inadequate care in
Kalamazoo County were three times as likely (3.0, 95% CI 1.8-5.0) to also have GDM diagnosis
when compared with mothers with intermediate care, while, statewide the risk associated with
inadequate prenatal care was lower, at 1.9 (95% CI 1.8-2.1). The higher proportion of mothers
with inadequate or adequate-plus care in Kalamazoo, combined with the extreme nature of the
magnitude of the GDM rate among women with the highest (14%) and lowest (20%) levels of
care in Kalamazoo compared to the state (7% among adequate-plus and 5% among inadequate
care) may make prenatal care adequacy an important factor in understanding the elevated GDM
rate in Kalamazoo County compared to the state average.
One previously published study of 7,000 U.S. births has reported an increased rate of the
highest (adequate-plus) level of prenatal care among obese mothers that was not explained by the
presence of co-morbid conditions (Zozzaro-Smith et al., 2016). Additionally, a Michigan study
of births from 1999-2003 found that, among mothers with increased psychosocial risk factors
such as low social support, substance use, or exposure to domestic violence, the likelihood of
inadequate prenatal care was greater (1.7, 95% CI 1.1-2.7) compared to mothers with low levels
of medical and psychosocial risks (Krans et al., 2013). The same study found that high medical
risk and dual risk (both high medical and psychosocial risk) was most strongly associated with
the highest level of prenatal care, while psychosocial risk alone was associated with inadequate
care (Krans et al,, 2013). A recently published study on the results of one of the maternal-infant
health programs included in this dissertation, the Healthy Babies Healthy Start program) in

93
Kalamazoo, Michigan found a difference in program effects by race, with Black mothers
experiencing greater benefits from participation in the program compared to White mothers
(Kothari, Zielinski, James, Charoth, del Carmen Sweezy, 2014). These results taken together
indicate that the consideration of psychosocial, demographic and socio-economic factors, which
have been shown to be linked with spatial variables such as neighborhood of residence (Mendez
et al., 2014; DeGraaf, Steegers, & Bonsel, 2013; Anthopolos, James, Gelfand, & Miranda, 2011)
are an important consideration in evaluating risk of GDM and placement of public health
services to address this maternal-infant health issue. Results of analyses in this dissertation
synthesized with previous work combine to suggest that spatial analyses such as are
demonstrated in this dissertation be implemented when public health programmers seek to plan
and place interventions targeting maternal-infant health outcomes in Kalamazoo County.
Understanding Breastfeeding and Intervention Planning
Another issue examined by this dissertation was the relationship between breastfeeding
and GDM births in Michigan. By region, some areas of state had lower rates of breastfeeding
regardless of GDM status (e.g., the Bay region) while others showed differences in the likelihood
of breastfeeding by GDM status (e.g., Superior). Locations of highest rates of not breastfeeding
displayed a different spatial pattern of density of these birth when compared with the pattern of
density of GDM across the state. When Kalamazoo County alone was examined, maternal
residence of mothers not breastfeeding was dispersed across the county and appeared more like
the pattern of low birthweight births previously mapped by this author (data not shown), with
highest rates concentrated in the urban census tracts. In contrast, GDM displayed a different
pattern across the county, with census tracts with the highest rates of mothers with GDM
concentrated in the more rural census tracts to the south and east of the city of Kalamazoo. The
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areas of Kalamazoo with high rates of mothers not breastfeeding were some of the same targeted
by current MIH programs in the county. There were pockets of census tracts in Kalamazoo
County with high rates of GDM, however, that were not covered by current MIH programming.
These programs could educate women on the difficulties commonly associated with
establishment of successful breastfeeding by women with GDM (Verd, deSotto, Fernandez, &
Guitierrez, 2016; Riddle & Nommsen-Rivers, 2016; Fallon & Dunne, 2015; Morrison, Collins,
Lowe, & Giglia, 2015) and the unique benefits of breastfeeding to mothers and infants after
GDM-complicated gestations (Bider-Canfield et al., 2016; Martens et al., 2016; Gunderson et al.,
2012; Trout, Averbuch, & Barowski, 2011). These results suggest a potential need for GDMspecific programs, particularly in Kalamazoo County and potentially in other counties with
elevated GDM rates compared to the state average.
A format for GDM-focused prenatal care programs that is supported by available
evidence is the group prenatal care setting. A patient-centered, group cate program for Colorado
mothers with GDM was recently assessed for effect on glycemic control and likelihood of
recommended postpartum follow-up glucose screenings. This study found that mothers who
attended group prenatal care were four times as likely (Mazzoni, Hill, Webster, Heinrichs, &
Hoffman, 2016) as mothers in traditional prenatal care to complete the glucose screening tests
recommended by the American Diabetes Association and American College of Obstetrics and
Gynecology to occur at six and twelve weeks postpartum (Shellhaas et al., 2016). Mothers in
group prenatal care received more time with a healthcare provider and reported benefits from the
knowledge shared between their peers in the group setting (Mazzoni et al., 2016). Group
education and peer counseling programs aimed at promotion of breastfeeding, such as are part of
the Michigan WIC program model, have also been effective at increasing initiation and duration
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of breastfeeding, particularly among mothers with low socioeconomic status (Olson et al., 2010;
Pugh et al., 2010). The elevated risk of GDM in non-Medicaid-paid births and among NonHispanic White mothers in rural areas of Kalamazoo County, as identified in this dissertation,
indicate that additional group prenatal program development may be warranted and that group
prenatal care may represent an inexpensive and effective option to improve maternal health and
increase breastfeeding by mothers with GDM.
Future Work
To understand the adequacy of currently available MIH program at reaching mothers
with GDM, as well as likely associations between current program enrollment and breastfeeding
after GDM, further study looking at MIH programs across the state of Michigan will be required.
Additionally, prospective studies examining the effect of group prenatal care programs on
maternal and infant health and breastfeeding rates after GDM-complicated pregnancies are
required to assess the feasibility and potential effectiveness of such programs within the state.
Continued examination of regional differences in GDM rates by maternal risk factors,
breastfeeding rates by GDM status, and hospital-level variation in diagnostic protocol for GDM
as well as use of breastfeeding categories on the birth record will be required to assess trends in
the outcome variables assessed in this dissertation over time. Additionally, the methods for
combined spatial and statistical analysis demonstrated in this dissertation can be expanded to
examine other maternal-child health issues as well as public health problems affecting other life
stages.
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Conclusion
Gestational diabetes rates are expected to continue to increase nationally and in
Michigan, as Type II diabetes and obesity rates increase in the population. Along with this is a
growing need to utilize the limited maternal-infant health program funds to effectively and
efficiently target mothers and their offspring at greatest risk from GDM-complicated gestations.
Available evidence points to early and comprehensive prenatal care that includes breastfeeding
education to address unique benefits and challenges associated with breastfeeding after GDM.
Spatial analyses appear to be a helpful tool to identify patterns of risk specific to the scale of
interest for program planning (e.g., statewide or county-level). Group prenatal education
programs may represent a cost-effective, evidence-based means of improving health outcomes
and promoting breastfeeding after GDM-complicated gestations, particularly among mothers in
demographic groups not traditionally targeted by MIH programming and among mothers with
inadequate prenatal care as assessed by current measures.
References
Anthopolos, R., James, S. A., Gelfand, A. E., & Miranda, M. L. (2011). A spatial measure of
neighborhood level racial isolation applied to low birthweight, preterm birth, and
birthweight in North Carolina. Spatial and Spatio-temporal Epidemiology, 2(4), 235–246.
Bider-Canfield, Z., Martinez, M. P., Wang, X. Yu., W., Bautista, M. P., & Brookey, J. (2016).
Maternal obesity, gestational diabetes, breastfeeding and childhood overweight at age 2
years. Pediatric Obesity, 1, 1–8. http://doi:10.1111/ijpo.12125
DeGraaf, J. P., Steegers, E. A., & Bonsel, G. J. (2013). Inequalities in perinatal and maternal
health. Current Opinion Obstetrics and Gynecology, 25, 98–108.
Fallon, A., & Dunne, F. (2015). Breastfeeding practices that support women with diabetes to
breastfeed. Diabetes Research and Clinical Practice, 110, 10–17.
Gunderson, E. P., Hedderson, M. M., Chiang, V., Crites, Y., Walton, D., & Azevedo, R. A.
(2012). Lactation intensity and postpartum maternal glucose tolerance and insulin
resistance in women with recent GDM: The Swift cohort. Diabetes Care, 35, 50–56.

97
Kothari, C., Zielinski, R., James, A., Charoth, R., & del Carmen Sweezy, L. (2014). Improved
birth weight for black infants: Outcomes of a Healthy Start program. American Journal of
Public Health, 104, S96–S104.
Krans, E. E., Davis, M. M., & Palladino, C. L. (2013). Disparate patterns of prenatal care
utilization stratified by medical and psychosocial risk. Maternal Child Health Journal, 17,
639–645.
Martens, P. J., Shafer, L. A., Dean, H. G., Sellers, E. A., Yamamoto, J., Ludwig, S., et al. (2016).
Breastfeeding initiation associated with reduced incidence of diabetes in mothers and
offspring. Obstetetrics and Gynecology, 128, 1095–1104.
http://dx.doi.org/10.1097/AOG.0000000000001689
Mazzoni, S., Hill, P., Webster, K., Heinrichs, G., & Hoffman, M. C. (2016). Group prenatal care
for women with gestational diabetes. Journal of Maternal-Fetal & Neonatal Medicine,
29(17), 2852–2856. http://dx.doi.org/10.3109/14767058.2015.1107541
Mendez, D. D., Doebler, D. A., Kim, K. H., Amutah, N. N., Fabio, A., & Bodnar, L. M. (2014).
Neighborhood socioeconomic disadvantage and gestational weight gain and loss. Maternal
and Child Health Journal, 18(5), 1095–1103.
Michigan Department of Health and Human Services (MDHHS) (2016). Community health
information: Birth statistics. Retrieved from
http://www.mdch.state.mi.us/pha/osr/Chi/births14/frameBxChar.html
Morrison, M. K., Collins, C. E., Lowe, J. M., & Giglia, R. C. (2015). Factors associated with
early cessation of breastfeeding in women with gestational diabetes mellitus. Women and
Birth, 28, 143–147.
Olson, B.H., Haider, S. J., Vangjel, L., et al. (2010). A quasi-experimental evaluation of a
breastfeeding support program for low income women in Michigan. Maternal Child Health
Journal, 14, 86–93.
Pugh, L. C., Serwint, J. R., Frick, K. D., et al. (2010). A randomized controlled communitybased trial to improve breastfeeding rates among urban low-income mothers. Academy of
Pediatrics, 10, 14–20.
Riddle, S., & Nommsen-Rivers, L. (2016). A case control study of diabetes during pregnancy
and low milk supply. Breastfeeding Medicine, 11(2), 80–85.
Shellhaas, C., Conrey, E., Crane, D., Lorenz, A.,Wapner, A., Oza-Frank, R., et al. (2016). The
Ohio Gestational Diabetes Postpartum Care Learning Collaborative: Development of a
quality improvement initiative to improve systems of care for women. Maternal Child
Health Journal, 20, S71–80.

98
Trout, K. K., Averbuch, T., & Barowski, M. (2011). Promoting breastfeeding among obese
women and women with gestational diabetes mellitus. Current Diabetes Reports, 11(1), 7–
12. http://dx.doi.org/10.1007/s11892-010-0159-6
Verd, S., deSotto, D., Fernandez, C., & Guitierrez, A. (2016). The effects of mild gestational
hyperglycemia on exclusive breastfeeding cessation. Nutrients, 8, 742.
http://dx.doi.org/10.3390/nu8110742
Zozzaro-Smith, P. E., Bacak, S., Conway, C., Park, J., Glantz, J. C., Thornburg, L. L. (2016).
Association between obesity during pregnancy and the adequacy of prenatal care. Maternal
Child Health Journal, 20, 158–163.

Appendix
Letters of Approval from Western Michigan University
Human Subjects Institutional Review Board

99

100

101

102

103

104

105

106

107

